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INTRODUCTION 
The purpose of t h i s study i s t o determine t h e f a c t o r s 
which i n f l u e n c e t h e d i s t r i b u t i o n and s e l e c t i o n of b r e e d i n g 
h a b i t a t s by t h e Lapwing., Ua n e l l u s v a n e l l u s (L.)» i n h i l l farm-
l a n d c o n s i s t i n g o f p a s t u r e , hay meadow and moorland b o r d e r s . 
I n any area, t h e d i s t r i b u t i o n o f a g i v e n species pop-
u l a t i o n may be governed by one or more of t h e f o l l o w i n g 
c r i t e r i a : e n v i r o n m e n t a l l i m i t a t i o n s , powers of d i s p e r s a l , 
i n t e r a c t i o n s w i t h o t h e r organisms and behaviour responses. 
Feu s p e c i e s , e s p e c i a l l y b i r d s , seem t o be r e s t r i c t e d i n d i s - '. 
t r i b u t i o n on a l o c a l s c a l e by poor powers o f d i s p e r s a l (Krebs 
1972, Ch.2). Extremes o f p h y s i c a l or chemical c o n d i t i o n s such 
as t e m p e r a t u r e , m o i s t u r e , oxygen, s o i l s t r u c t u r e , n u t r i e n t s 
and pH c o u l d p r e v e n t an area from being, o c c u p i e d . W i t h i n t h e 
g e o g r a p h i c a l or c l i m a t i c range of a s p e c i e s , however, such 
f a c t o r s are u n l i k e l y t o be l i m i t i n g . B i r d s as a group are w e l l 
adapted t o a t e r r e s t r i a l environment and can w i t h s t a n d g r e a t 
v a r i a t i o n i n t h e c l i m a t i c c o n d i t i o n s (Lack, 1933). They w i l l 
a l s o mnwi? b e f o r e l e t h a l temperatures become o p e r a t i v e . Other 
organisms may have a p o s i t i v e : e f f e c t on t h e s u r v i v a l v a l u e o f 
an area, such as w i t h food organisms, or a n e g a t i v e e f f e c t as 
i n the case of c o m p e t i t o r s , p r e d a t o r s , p a r a s i t e s or pathogens. 
THe d i s t r i b u t i o n of a species may be e f f e c t i v e l y l i m i t e d by 
the behaviour o f i n d i v i d u a l s i n s e l e c t i n g t h e i r h a b i t a t accor-
d i n g t o s p e c i f i c p r e f e r e n c e s , g i v e n t h a t they c o u l d s u r v i v e 
i n the area on o t h e r grounds. 
I n a d d i t i o n t o a f f e c t i n g d i s t r i b u t i o n i n t h e presence-or-
absence sense, t h e a c t u a l d e n s i t y of a p o p u l a t i o n i n any 
occupied h a b i t a t may be governed by a sep a r a t e s e t of f a c t o r s , 
i n c l u d i n g the l a s t two above and t o g e t h e r w i t h t h e d i r e c t 
r e p r o d u c t i v e and m o r t a l i t y r a t e s of t h e p o p u l a t i o n . The l a t t e r 
may vary between l o c a t i o n s i n an area. 
I n t h e o p i n i o n of Lack ( 1 9 3 3 ) , h a b i t a t s e l e c t i o n i n b i r d s 
c o n s i s t s o f , "The i n s t i n c t i v e s e l e c t i o n by a b i r d o f t h e type 
of h a b i t a t f r e q u e n t e d by i t s a n c e s t o r s " . This i s extended, 
a c c o r d i n g t o t h e pr e s e n t view, t o : 
)74 J 
M U N I V f R S / f S 
•OltllGE 
6 DEC 19 4 
" B i r d s are guidea t o t h e i r b r e e d i n g s t a t i o n s by a p r i m -
a r i l y i n n a t e r e a c t i o n r e l e a s e d by c e r t a i n e n v i r o n m e n t a l 
s t i m u l i , on t h e p r i n c i p l e of summation of heterogeneous 
s t i m u l i , as i n i n s t i n c t i v e a c t i v i t i e s i n g e n e r a l . The t h r e s -
h o l d f o r t h e r e l e a s e of the r e a c t i o n i s dependent on t h e 
i n t e r n a l m o t i v a t i o n o f t h e b i r d " . ( H i l d e n , 1965) 
I n any c o n e i d e r a t i o n o f h a b i t a t s e l e c t i o n and i t s f u n c -
t i o n i n g , a d i s t i n c t i o n must be made between p r o x i m a t e and 
u l t i m a t e f a c t o r s i n b i o l o g i c a l c a u s a t i o n . This was f i r s t 
proposed t h e o r e t i c a l l y by Baker i n 1938 w i t h r e g a r d t o t h e 
onset of b r e e d i n g seasons i n a n i m a l s , and extended by Klomp 
(1 9 5 3 ) : p r o x i m a t e f a c t o r s are f e a t u r e s of t h e environment t o 
which a b i r d responds d i r e c t l y ; and f a c t o r s which f a v o u r t h e 
s e l e c t i o n of such p r e f e r e n c e s i n e v o l u t i o n are termed u l t i m a t e 
f a c t o r s . The l a t t e r are e s s e n t i a l t o t h e s u r v i v a l of t h e 
s p e c i e s , and form t h e u n d e r l y i n g reasons f o r t h e b r e e d i n g of 
each species i n i t s s p e c i f i c environment. Proximate f a c t o r s 
serve only t o r e l e a s e t h e s e t t l i n g r e a c t i o n and need have 
no b i o l o g i c a l s i g n i f i c a n c e t o the species as such. Lack has 
s t a t e d ( 1 9 3 7 ) : " I t seems pro b a b l e t h a t each species s e l e c t s 
i t s own h a b i t a t , guided by r e c o g n i t i o n f e a t u r e s not necess-
a r i l y i n themselves e s s e n t i a l t o i t s e x i s t e n c e . " . 
I n the view of H i l d e n ( 1 9 6 5 ) , the f o l l o w i n g c o u l d be 
regarded as u l t i m a t e f a c t o r s i n t h e h a b i t a t s e l e c t i o n of 
b i r d s : r e q u i r e m e n t s imposed by s t r u c t u r a l and f u n c t i o n a l 
c h a r a c t e r i s t i c s of the s p e c i e s ; f o o d ; p r o t e c t i o n from enemies 
and adverse weather; or avoidance of c o m p e t i t i o n w i t h o t h e r 
s p e c i e s . Proximate f a c t o r s c o u l d be combined i n t o c a t e g o r i e s 
o f ; landscape f e a t u r e s ; t e r r a i n ; s i t e s f o r n e s t i n g , song, 
w a t c h i n g , f e e d i n g and d r i n k i n g ; food i n c e r t a i n s p e c i e s ; 
presence o f o t h e r a n i m a l s ; and i n t e r n a l m o t i v a t i o n . T h i s 
l a s t c o n t r i b u t e s t o t h e r e l e a s e of t h e s e l e c t i o n response, 
d e t e r m i n i n g t h e b i r d ' s s e n s i v i t y t o e x t e r n a l s t i m u l i . There 
are a l s o s t i m u l i h aving an o p p o s i t e , r e p e l l i n g e f f e c t on 
h a b i t a t s e l e c t i o n , d e c r e a s i n g t h e combined e f f e c t of t h e 
above i n f l u e n c e s . These might be termed n e g a t i v e c h a r a c t e r -
i s t i c s of t h e h a b i t a t . 
There has been a c o n s i d e r a b l e amount of s p e c u l a t i o n p r e -
v i o u s l y over the t h e o r e t i c a l aspects of u l t i m a t e f a c t o r s 
and e v o l u t i o n ( f o r example Brock, 1914; Lack, 1944; Thorpe, 
1945), but r e l a t i v e l y l i t t l e p r o g r e s s has been made towards 
r e v e a l i n g i n f o r m a t i o n about t h e n a t u r e and f u n c t i o n of 
proximate f a c t o r s i n the f i e l d . 
The f i r s t worker t o make a d i s t i n c t i o n between u l t i m a t e 
and p r o x i m a t e f a c t o r s f o r h a b i t a t p r e f e r e n c e i n p r a c t i c e was 
Klomp ( 1 9 5 3 ) , i n an e x t e n s i v e study of t h e h a b i t a t s e l e c t i o n 
mechanism i n the Lapwing i n N.W. H o l l a n d . The on l y o t h e r 
s i g n i f i c a n t h a b i t a t study undertaken on t h i s s pecies b e f o r e 
the p r e s e n t work has been the Lapwing H a b i t a t I n q u i r y of 1937, 
the f i n d i n g s of which are r e p o r t e d by N i c h o l s o n ( 1 9 3 8 ) . His 
r e p o r t c o n t a i n s a l a r g e s e l e c t i o n of heterogeneous r e c o r d s 
of v a r y i n g q u a l i t y , s u b m i t t e d by d i f f e r e n t o b s e r v e r s ; never-
t h e l e s s t h e g e n e r a l i s e d p i c t u r e emerging from these as t o 
the Lapwing's d i s t r i b u t i o n and h a b i t a t p r e f e r e n c e s would appear 
to be q u i t e sound and v a l u a b l e , d e s p i t e i t s c h i e f l y q u a l i -
t a t i v e n a t u r e . 
V a r i o u s o r n i t h o l o g i c a l r e f e r e n c e books i n c l u d e s e c t i o n s 
on t h e Lapwing c o v e r i n g i t s t y p i c a l h a b i t a t c h a r a c t e r i s t i c s , 
such as i n u i t h e r b y e t a l (194Q); a l s o i n Ennion's F i e l d 
Study book (1949) and SpBncer's book (1953) which are w r i t t e n 
s p e c i f i c a l l y on the Lapwing and i t s b e h a v i o u r . 
The work of Klomp ( 1 9 5 3 ) , however, i s the s o l e a t t e m p t 
t o date a t t r e a t i n g t h e Lapwing's h a b i t a t s e l e c t i o n response 
i n d e t a i l , i n a s f a r as t o r e v e a l t h e pr o x i m a t e f a c t o r s a c t u a l l y 
i n v o l v e d i n the a c q u i s i t i o n of a b r e e d i n g ground by t h e b i r d . 
He took censuses i n e a r l y s p r i n g i n twenty sampling areas o f 
from 5.5 t o 35 h e c t a r e s i n l o w l a n d grass meadow, by c o u n t i n g 
d i s p l a y i n g males d u r i n g t h e f i r s t hour a f t e r s u n r i s e . T his 
i n d i c a t e d t h e t o t a l number of p a i r s occupying any d i s t r i c t ; 
n ests were a l s o counted. Klomp then attempted t o c o r r e l a t e 
p a i r d e n s i t y w i t h v a r i o u s p r o p e r t i e s of t h e h a b i t a t . He 
found no c o n n e c t i o n between the d i s t r i b u t i o n of Lapwings and; 
c l i m a t e , food abundance, water l e v e l , a c i d i t y , b o t a n i c a l 
c o m p o s i t i o n of t h e v e g e t a t i o n , or o t h e r b i r d s p e c i e s i n -
c l u d i n g p r e d a t o r s . Slope and a l t i t u d e were not examined, 
w i t h s o i l t y p e , however, a p r e f e r e n c e f o r sand was suggested 
The b i r d s never v i s i t e d t a l l v e g e t a t i o n , f a v o u r i n g s h o r t 
grass or bare ground. A c l e a r n e g a t i v e r e l a t i o n s h i p was a l s o 
o b t a i n e d between b r e e d i n g d e n s i t y and t h e u l t i m a t e h e i g h t 
reached by the v e g e t a t i o n i n l a t e hay. I n open v e g e t a t i o n , 
a g r e a t e r h e i g h t was t o l e r a t e d than i n dense g r o w t h . The 
presence of t r e e s i n or around f i e l d s proved u n a t t r a c t i v e . 
I t was observed by Klomp a l s o t h a t d e n s e l y - p o p u l a t e d g r a s s -
l a n d f i e l d s were g r e y i s h brown i n c o l o u r whereas unoccupied 
g r a s s l a n d s were green. This c o l o u r was conspicuous i n e a r l y 
s p r i n g b e f o r e t h e u l t i m a t e h e i g h t d i f f e r e n c e s became v i s i b l e 
I t was found t h a t an uneven s u r f a c e , when combined w i t h a 
brownish c o l o r a t i o n , s t r o n g l y i n c r e a s e d t h e a t t r a c t i v e n e s s 
of f i e l d s . 
I t i s concluded by Klomp t h a t a brown or grey c o l o u r of 
f i e l d i s c o r r e l a t e d w i t h a Inw u l t i m a t e h e i g h t of v e g e t a t i o n 
p o s s i b l y t i e d t o a l a c k of n u t r i e n t s or of a r t i f i c i a l 
f e r t i l i z a t i o n . The Lapwing, i n responding d i r e c t l y t o c o l o u r 
thus s e l e c t s h a b i t a t s which remain s u i t a b l e t h r o u g h o u t t h e 
b r e e d i n g season. T h i s s p e c i e s i s adapted t o l i v e on l a n d 
covered by low or no v e g e t a t i o n , i n s e v e r a l r e s p e c t s . During 
l o c o m o t i o n the f r e e l e g i s not r a i s e d h i g h , and the toes r e -
main open, such t h a t i n t a l l grass the toes become caught, 
causing the b i r d t o f a l l f o r w a r d . The Lapwing c o l l e c t s i t s 
food from t h e s u r f a c e of the ground, guided by v i s u a l 
s t i m u l i ; a g r e a t e r range of v i s i o n i s a f f o r d e d f o r t h i s i n 
a low v e g e t a t i o n . When a l i g h t i n g , t h e b i r d ' s wings are h e l d 
h o r i z o n t a l l y ; i t has a low f l i g h t d i s p l a y ; and t h e vent 
d i s p l a y of t h e male t o a d i s t a n t female would be i n e f f e c t u a l 
i n t a l l g r a s s . Klomp has a l s o p o s t u l a t e d a p o s s i b l e s u r v i v a l 
value i n t h e brown-coloured f i e l d s due t o a b e t t e r camouflag 
of t h e eggs and young. 
Alt h o u g h f a i r l y comprehensive and of c o n s i d e r a b l e v a l u e 
as a p i o n e e r s t u d y , t h e work of Klomp i s c o n c e n t r a t e d on 
Lapwings of l o w l a n d meadow h a b i t a t s i n N.W. Ho l l a n d o n l y . 
I t r e l i e s on c o n c l u s i o n s drawn s i m p l y t h r o u g h comparison, 
by i n s p e c t i o n o n l y , of t a b l e s of f i g u r e s f o r e n v i r o n m e n t a l 
data w i t h those f o r Lapwing p a i r d e n s i t y . There i s no i n -
d i c a t i o n of s t a t i s t i c a l s i g n i f i c a n c e , which c o n s t i t u t e s a 
s e r i o u s l i m i t a t i o n t o t h e r e l i a b i l i t y of t h e d e d u c t i o n s 
made. Only twenty sampling areas were covered, and a number 
of p o s s i b l y i m p o r t a n t f a c t o r s have been o m i t t e d , n o t a b l y 
a l t i t u d e , g r a d i e n t , exposure, g r a z i n g , f e r t i l i z a t i o n and 
p r o x i m i t y o f human h a b i t a t i o n . I t i s not d i s c e r n i b l e how 
f a r t h e c o n c l u s i o n s reached apply t o h a b i t a t s o t h e r than 
l o w l a n d grass meadows i n the n o r t h and west of H o l l a n d . 
A g r i c u l t u r a l p r a c t i c e s , f o r example, may d i f f e r c o n s i d e r a b l y 
between s i t e s , such as i n the a p p l i c a t i o n of h e r b i c i d e s and 
a r t i f i c i a l f e r t i l i z e r s . i n t h e h i l l f a r m l a n d f i e l d s of 
the p r e s e n t work t h e r e were no obvious c o l o u r d i f f e r e n c e s 
between f i e l d s , being almost u n i f o r m l y green. Hence o t h e r 
f a c t o r s must be o p e r a t i v e i n h a b i t a t s e l e c t i o n here. 
The p r e s e n t study extends t h e i i n s o f i n v e s t i g a t i o n 
f o l l o w e d by Klomp, t o i n c l u d e a l a r g e r sample s i z e and a 
more q u a n t i t a t i v e method of approach, w i t h the aim of p r o -
v i d i n g as c l e a r and o b j e c t i v e an a n a l y s i s as p o s s i b l e of 
the p r o x i m a t e f a c t o r s of importance i n t h e s e l e c t i o n of 
b r e e d i n g h a b i t a t s by t h e Lapwing. The work i s n e c e s s a r i l y 
l i m i t e d t o e s s e n t i a l aspects due t o t h e s h o r t l e n g t h of time 
a v a i l a b l e , and the problem would undoubtedly b e n e f i t from 
f u r t h e r i n v e s t i g a t i o n i n the f u t u r e . 
I n Great B r i t a i n , t h e Lapwing i s found b r e e d i n g a t a l l 
a l t i t u d e s from Sea L e v e i t o w e i i over 2,000 f e e t , and i n 
a wide range of h a b i t a t s i n c l u d i n g a r a b l e l a n d , f a l l o w , 
s t u b b l e , p l o u g h , p a s t u r e , h e a t h , moorland b o r d e r s , marshes, 
m u d f l a t s , e s t u a r i e s , s h i n g l e and sand dunes ( u i t h e r b y e_t 
a l , 1949, and a d d i t i o n a l i n f o r m a t i o n ) . Because o f t h i s 
u b i q u i t y , i t was necessary t o c o n f i n e the p r e s e n t work t o 
one h a b i t a t i n p a r t i c u l a r : m a r g i n a l h i l l f a r m l a n d between 
800 and 1500 f e e t above Sea L e v e l . T h i s i s p a r t l y c u l -
t i v a t e d as hay meadow, p a r t i a l l y permanent p a s t u r e , and 
some a l t e r n a t e l y as b o t h , though no a r a b l e crops are grown. 
The area s e l e c t e d was t h e Ueardale r e g i o n of County Ourham. 
Thi s i s a g r i c u l t u r a l l a n d t o which very l i t t l e p e s t i c i d e 
has been a p p l i e d ; t h e r e i s no i n f l u e n c e from crop r o t a t i o n 
and t h e area i s composed of w e l l - d e f i n e d u n i t s f o r s a m p l i n g , 
as opposed t o open moor. 
I t was planned t o survey a l a r g e number o f f i e l d s i n 
v a r i o u s l o c a t i o n s i n Ueardale, both w i t h and w i t h o u t Lapwings, 
s c o r i n g them w i t h r e s p e c t t o a wide v a r i e t y of g e o g r a p h i c a l , 
v e g e t a t i o n a l and b i o t i c f e a t u r e s . These data c o u l d then be 
s u b j e c t e d t o m u l t i v a r i a t e a n a l y s i s by computer, t o d e t e r m i n e 
which f a c t o r s were i m p o r t a n t as a cause o f v a r i a t i o n i n the 
presence-or-absenee and d e n s i t y of Lapwings. I t might thence 
be p o s s i b l e t o a s s i g n a measure of p r e d i c t a b i l i t y t o t h e 
v a r i a b l e s , t o e s t i m a t e the l i k e l i h o o d of any g i v e n f i e l d 
b e i ng s e l e c t e d as a b r e e d i n g h a b i t a t by Lapwings. 
7 
THE STUDY AREA 
The area chosen f o r t h e Lapwing h a b i t a t s e l e c t i o n f i e l d 
survey was UJeardale i n Western County Durham, between 
F r o s t e r l e y (NZ 030370) which i s twenty m i l e s west of Durham 
C i t y , and C o w s h i l l (NY 855406). This i s an area of approx-
i m a t e l y 170 Km2, r o u g h l y bounded by p o i n t s NY 840430, 
NZ 030430, NY. 840340 and NZ 030340. The p r e c i s e l o c a t i o n s 
of. sampling are marked on the map, F i g . 
This r e g i o n comprises m a r g i n a l h i l l f a r m l a n d above t h e 
plough l i n e but w i t h i n t h e t r e e l i n e , o f v a r y i n g f e r t i l i t y , 
r a n g i n g from low hay meadows t o rough upland permanent 
p a s t u r e and moorland b o r d e r s . There are patches of woodland 
s c a t t e r e d a t i n t e r v a l s . C l i m a t i c extremes and steep g r a d i e n t s 
p r e c l u d e t h e c u l t i v a t i o n o f a r a b l e c r o p s . The area i s 
d i s s e c t e d by the Riv e r Wear which f l o w s from west t o e a s t , 
w i t h i t s t r i b u t a r i e s , and i n c l u d e s Burnhope R e s e r v o i r . 
The n a t u r a l bedrock i s l i m e s t o n e , and t h e s o i l s are g e n e r a l l y 
p o d s o l i z e d brown e a r t h s . A l t i t u d e s range from 800 f t (=244m) 
t o around 2000 f t (=610m) above Sea Le v e l (Ordnance Datum). 
The farmland i s d i v i d e d i n t o d i s c r e t e , f a i r l y r e g u l a r 
u n i t s by s o l i d stone w a l l b o u n d a r i e s - except i n the case of 
the moorland margins. The study was c o n f i n e d t o those f i e l d s 
d i r e c t l y a d j a c e n t to minor roads and farm t r a c k s , so t h a t 
the Lapwings should not be s u b j e c t e d t o unaccustomed d i s -
t u r b a n c e by a v e h i c l e . O b s e r vations c o u l d then c o n v e n i e n t l y 
be made from behind a stone w a l l , w i t h o u t c r e a t i n g undue 
i n t e r f e r e n c e i n passing t h r o u g h t h e f i e l d s . 
9 
F i g . 2 
THE STUDY AREA 
Flap t o Show L o c a t i o n s of H i l l Farmland F i e l d s Surveyed 
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METHODS 
"To hunt her nest my r a m b l i n g s t e p was l e d . . . 
...but s t i l l I searched i n v a i n . " 
(-John C l a r e , from : 'The Pewit^s N e s t 1 . ) 
Between 1 May and 15 June, 1974, 109 f i e l d u n i t s i n 
m a r g i n a l h i l l f a r m l a n d were v i s i t e d and t h e number o f Lap-
wings p r e s e n t i n each was counted and r e c o r d e d . This was r e -
peated on at. l e a s t f i v e s e parate occasions a l t o g e t h e r . A 
search was made f o r nests where p o s s i b l e , and a r e c o r d kept 
of t h e number and subsequent f a t e of eggs. Evidence of n e s t -
i n g l o o k e d f o r i n c l u d e d c h a r a c t e r i s t i c behaviour of t h e 
par e n t b i r d s - such as an i n c u b a t i n g p o s t u r e , d i s t r e s s c a l l s 
and a c t i v i t i e s ; t h e presence of n e s t s , eggs, empty s h e l l s , 
hatched c h i c k s and o l d e r c h i c k s i n f a m i l y groups engaged i n 
f e e d i n g . Due t o the e a r l y b r e e d i n g season, however, o n l y a 
l i m i t e d amount of data on n e s t i n g were c o l l e c t e d . T his was 
i n s u f f i c i e n t f o r me a n i n g f u l s t a t i s t i c a l e v a l u a t i o n , a l t h o u g h 
the r e s u l t s are i n c l u d e d i n t h e a p p r o p r i a t e s e c t i o n . 
For each f i e l d , f e a t u r e s of t h e l a n d s c a p e , t e r r a i n , veg-
e t a t i o n and o t h e r b i o t i c c h a r a c t e r i s t i c s were recorded as 
a c c u r a t e l y as p r a c t i c a b l e . I n f o r m a t i o n r e g a r d i n g a r t i f i c i a l 
t r e a t m e n t and past h i s t o r y of t h e f i e l d s was o b t a i n e d from 
the r e s p e c t i v e farmers where necessary. To minimise l a b o u r 
and save t i m e , s t a n d a r d r e c o r d i n g sheets were c o n s t r u c t e d 
and d u p l i c a t e d . These were f i l l e d i n a t each s e p a r a t e f i e l d , 
t h e f o l l o w i n g f a c t o r s being assessed : 
1. F i e l d Type. C a t e g o r i e s r e c o g n i s e d were: permanent grazed 
p a s t u r e (PGP), grazed p a s t u r e (GP), hay grown a f t e r g r a z i n g 
u n t i l June (GP/l*l), or hay meadow (HI*!). 
2. A l t i t u d e of f i e l d - read o f f from a 1" O.S. map i n f t . 
above Sea Leve l or Ordnance Datum. (1 foot=0.305m) 
3. Aspect of f i e l d - compass d i r e c t i o n faced by, the main 
s l o p e , i f any; o t h e r w i s e 0. 
4. G r a d i e n t of s l o p e - on an a r b i t r a r y s c a l e of 0-5, where 
0= f l a t and 5= very s t e e p . Judged by eye i n comparison t o 
a road o f known g r a d i e n t . 3 corresponded t o about 1 i n 10, 
4 t o 1 i n 5. 
5. i r r e g u l a r i t y o f g r a d i e n t - t h e presence of any double 
d i p or h i l l o c k was n o t e d . 
6. Enclosure of l a n d - t h e number o f s i d e s on which the 
s u r r o u n d i n g ground was h i g h e r than t h e f i e l d i t s e l f ; 0-4. 
7. The number of s o l i d ( s t o n e w a l l ) boundaries t o the 
f i e l d ; 0-4. 
8. Roughness of t e r r a i n , or unevennsss of the ground: 
assessed on a r e l a t i v e s c a l e of 1-5 where 1= very smooth 
ground, and 5= very rough w i t h tussocks or hummocks, p r o -
bably a l s o o u t c r o p s of rock and s t o n e s . 
9. Presence of Surface Water- whether none, marshy patches 
or a c t u a l open water such as a stream or p o o l . 
10. Cover of Juncus e f f u s u s over the f i e l d , e s t i m a t e d as 
a <* 
1 1 . D i s t r i b u t i o n of Juncus e f f u s u s : t h e number of t e n t h 
p a r t s of t h e f i e l d c o n t a i n i n g t h e rush.; 0-10. 
12. D i s t a n c e away of th e c l o s e s t human h a b i t a t i o n from 
the n e a r e s t edge of the f i e l d , i n metres. U s u a l l y a farm. 
Any d w e l l i n g s f a r t h e r than 500m were c o n s i d e r e d t o e x e r t a 
n e g l i g i b l e e f f e c t . 
13. Presence of Trees, t h e i r l o c a t i o n and number. There 
c o u l d be none, s e v e r a l i n s i d e t h e f i e l d , along t h e edge, 
a row o u t s i d e , or a row on more than one s i d e . 
14. P l a n t s p e c i e s p r e s e n t i n t h e f i e l d : the main con-
s t i t u e n t s o f t h e v e g e t a t i o n were l i s t e d . Commonly grasses, 
d a n d e l i o n , d a i s y , dock, p l a n t a i n , c l o v e r and b u t t e r c u p . 
15; Presence or absence of u n p a l a t a b l e weed s p e c i e s , 
such as t h i s t l e or n e t t l e - above t h e l e v e l of t h e main 
v e g e t a t i o n . 
16. Presence or absence of broad-leaved weeds such as 
dock, p l a n t a i n or d a n d e l i o n - a p o s s i b l e i n d i c a t i o n of t h e 
use of s e l e c t i v e h e r b i c i d e s . 
17. P r o p o r t i o n of Bare Ground- t h B i n v e r s e of v e g e t a t i o n a l 
I ! 
cover- recorded as a % e s t i m a t e . 
18. Average h e i g h t of v e g e t a t i o n i n t h e f i e l d , measured 
i n cm. 
19. Maximum h e i g h t of v e g e t a t i o n i n t h e f i e l d i n cm. 
20. Colour o f t h e f i e l d : b r i g h t green, pale green, dark 
green, brownish green or brown. T h i s would be n e c e s s a r i l y 
s u b j e c t i v e , b ut r e l a t i v e l y c o n s i s t e n t between f i e l d s s i n c e 
o n l y one observer was i n v o l v e d . 
2 1 . A r t i f i c i a l t r e a t m e n t - whether f i e l d s were u n t r e a t e d , 
l i m e d , f e r t i l i z e d or manured; w i t h what substances, con-
c e n t r a t i o n s , and when a p p l i e d (as f a r as p o s s i b l e ) . 
22. Grazing regime d u r i n g t h e Lapwing b r e e d i n g season: 
whether absent, p e r i o d i c or c o n t i n u o u s . 
23. Presence of l a r g e H e r b i v o r e s - none, sheep and/or cows, 
p i g s , goats or horses. 
24. Presence or absence of Redshank ( T r i n g a t o t a n u s 
b r i t a n n i c a Mathews) i n t h e f i e l d - d e t e c t e d by o b s e r v a t i o n 
or c a l l . 
25. Presence or absence of moles, m a n i f e s t e d as mole 
h i l l s , which would i n c r e a s e t h e p r o p o r t i o n of bare e a r t h 
i n t h e f i e l d . 
The areas of t h e f i e l d s were c a l c u l a t e d from s i x - i n c h 
Ordnance Survey maps by mearis of a P l a n i m e t e r , the r e s u l t i n g 
v a lues being m u l t i p l i e d by 200 t o g i v e area i n ac r e s . 
(1 acre = 0.405 h e c t a r e s . ) 
The mean numbers of Lapwings p r e s e n t from a t l e a s t f i v e 
o b s e r v a t i o n s were c a l c u l a t e d , and hence t h e d e n s i t y of 
b i r d s i n every f i e l d c o u l d be found by d i v i d i n g the mean 
number by t h e area. 
The above data f o r f i e l d s were r e q u i r e d to be c o n v e r t e d 
t o p u r e l y n u m e r i c a l form b e f o r e t h e computer a n a l y s i s c o u l d 
be c a r r i e d o u t . 
I n t h e Presence or Absence cases- f a c t o r s 5, 13, 15, 
16., 24 and 25- '0' denoted absence and ' 1 ' , presence. I n 
o t h e r cases- f a c t o r s 2, 10, 12, 17, 18, 19, p l u s Area, Mean 
and D e n s i t y - t h e value o f the f a c t o r c o u l d be u t i l i z e d 
12. 
d i r e c t l y . The s c a l e numbers noted i n t h e f i e l d c o u l d a l s o 
be used w i t h f a c t o r s 4, 6, 7, 8 and 11. For t h e e s s e n t i a l l y 
q u a l i t a t i v e f e a t u r e s 1, 3, 9, 14, 20, 2 1 , 22 and 23, how-
ever, a more complex t r e a t m e n t was necessary t o c o n v e r t 
them t o n u m e r i c a l s c a l e s . 
With F i e l d Type, two a l t e r n a t i v e s c a l e s were d e v i s e d , 
such t h a t t h e computer c o u l d ' s e l e c t ' t h e most m e a n i n g f u l . 
I n one case, a l l grazed p a s t u r e was scored 0 and hay 
meadow 1. I n the second case, the p a s t u r e f i e l d s were 
separated and those grazed t h r o u g h o u t t h e study p e r i o d 
scored 0; those grazed u n t i l June and t h e r e a f t e r l e f t t o 
grow hay scored 1; and those r e m a i n i n g as hay meadows 
scored 2. 
For Aspect, two c r i t e r i a were c o n s i d e r e d i m p o r t a n t : 
a) t h e d i r e c t i o n faced w i t h r e s p e c t t o i n s o l a t i o n ( S o u t h ) , 
and b) t h a t faced w i t h r e s p e c t t o t h e p r e v a i l i n g wind 
( S o u t h - w e s t e r l y ) . F i e l d s were scored a c c o r d i n g t o t h e 
f o l l o w i n g scheme: 
a) Sun O b)Und O 
1 X 1 
4-  2 
A f i e l d f a c i n g South-East, f o r example, would score 3 
f o r sunshine and 1 f o r wind exposure. 
With Surface Water, absence was denoted by 0, marshy 
p a t c h ( e s ) by 1 and any open water by 2. 
For the dominant P l a n t Species, a g r o u p i n g was made i n t o 
rough p a s t u r e grass ( t h i s t l e , n e t t l e , d a i s y , p l a n t a i n , t u s s o c k s ) } 
good p a s t u r e grass ( c l o v e r , c e l a n d i n e , b u t t e r c u p , dock, hedge 
p a r s l e y ) ; and hay grass (meadow grasses, c l o v e r , dock, dan-
d e l i o n , c r a n e s b i l l , meadowsweet). They were r e p r e s e n t e d by 
0, 1 and 2 r e s p e c t i v e l y . 
The c o l o u r of f i e l d s was scored b o t h on a 0/1 b a s i s 
( n o t a l l green / g r e e n ) , and on a s c a l e o f : brownish ( 0 ) , 
green ( 1 ) or b r i g h t green ( 2 ) . Treatment p o s s i b i l i t i e s 
ranged from none ( 0 ) , l i m e d o n l y ( 1 ) , l i m e p l u s f e r t i l i z e r 
- n i t r o g e n , phosphorus & potassium ( 2 ) , l i m e • f e r t i l i z e r + 
e x t r a n i t r o g e n on h a y f i e l d s a f t e r mowing ( 3 ) , t o l i m e + NPK 
+ e x t r a N + manure spread ( 4 ) . 
Grazing p r e s s u r e c o u l d be none ( • ) , p e r i o d i c ( 1 ) or 
co n t i n u o u s ( 2 ) t h r o u g h o u t t h e study p e r i o d . Large h e r b i v o r e s 
were assigned values of 0-3 r e p r e s e n t i n g none, sheep o n l y , 
cows o n l y and sheep + cows, r e s p e c t i v e l y ; the i n c r e a s i n g 
t r e n d of t h e e f f e c t i m p l i e d may not be genuine however. 
The dependent v a r i a b l e s f o r a n a l y s i s were a l s o s c o r e d . 
These were mean number and d e n s i t y of Lapwings, which c o u l d 
be quotea d i r e c t l y ; a l s o b r e e d i n g c h o i c e on a presence - or 
- absence b a s i s . The l a t t e r was determined by f o u r d i f f e r e n t 
c r i t e r i a , t o enable t h e most v a l i d o n e ( s ) t o be p i c k e d out 
l a t e r , d u r i n g t h e programming. The c r i t e r i a were: 
A. A c t u a l o b s e r v a t i o n made of n e s t s , eggs or s m a l l 
young i n t h e f i e l d . 
B. Mean number of a d u l t b i r d s > 2. 
C. I'lean number o f a d u l t b i r d s ^ 1, 
0. Lapwings p r e s e n t i n the f i e l d on 4 occasions 
out of 5. 
These were presence/absence or 0/1 s i t u a t i o n s , t h e cases 
above being t h e c o n d i t i o n s f o r 'presence 1. 
I n a d d i t i o n , a Pref e r e n c e s c a l e was designed on t h e b a s i s 
of t h e mean numbers of Lapwings: 
Plean= 0.0 or 1 o b s e r v a t i o n : score 0 
0.2 < mean < 1.0: ... 1 
1.0 < mean < 3.0: ... 2 
Mean ^ 3 . 0 : ... 3 
Separate Data Cards were punched f o r t h e f i e l d s and 
checked f o r e r r o r s . They were then f e d i n t o t h e '360' d i g i t a l 
Computer and a program f o r M u l t i v a r i a t e A n a l y s i s was a p p l i e d : 
U n i v e r s i t y of Michigan Termi n a l System, model EC123, program 
r e f e r e n c e 8(V1D02R. S e v e r a l runs mere made u s i n g d i f f e r e n t 
dependent v a r i a b l e s , t o o b t a i n r e s u l t s which would be 
b i o l o g i c a l l y m e a n i n g f u l . One l i m i t a t i o n of t h e t e c h n i q u e 
was t h a t each f a c t o r was assumed t o e x e r t an e x a c t l y l i n e a r 
or l o g a r i t h m i c e f f e c t on Lapwing d e n s i t y along t h e chosen 
s c a l e . 
W h i l s t the computing was i n o p e r a t i o n , an a n a l y s i s of 
s o i l fauna was u n d e r t a k e n . Four 4" diameter x 3" deep 
(10.5x 7.5cm) s o i l cores were e x t r a c t e d from each of 25 
f i e l d s by means of an Auger. Each core was p l a c e d i n a 
separate p o l y t h e n e bag, secured and l a b e l l e d w i t h t h e date 
and f i e l d number. I n t h e L a b o r a t o r y t h e s o i l was hand-
s o r t e d , and a l l Lumbricidae and o t h e r I n v e r t e b r a t e s g r e a t e r 
than 2 mm i n l e n g t h were removed. These were p r e s e r v e d i n 
20% f o r m a l i n i n l a b e l l e d specimen t u b e s . A rough c l a s s i f i -
c a t i o n i n t o groups or Orders was c a r r i e d o u t ; i d e n t i f i c a t i o n 
of t h e animals down t o Species l e v e l would have occupied 
more time than a v a i l a b l e a l t h o u g h i d e a l l y d e s i r a b l e . 
L u m b r i c i d s were by f a r t h e most abundant animal group 
r e p r e s e n t e d ; a l l o t h e r i n v e r t e b r a t e s were grouped t o g e t h e r 
f o r t h e computer a n a l y s i s . T o t a l s f o r t h e two c a t e g o r i e s 
were found f o r each f i e l d . A d d i t i o n a l cores were taken on 
the b a s i s of the computing r e s u l t s f o r o t h e r f a c t o r s , from 
f i e l d s y i e l d i n g high»residual • v a l u e s : those where much 
v a r i a t i o n i n Lapwing d e n s i t y was not accounted f o r by t h e 
o r i g i n a l f a c t o r s . Data f o r L u m b r i c i d and Other I n v e r t e b r a t e 
t o t a l s were then e n t e r e d i n t h e a n a l y s i s t o assess t h e i r 
s i g n i f i c a n c e . The food a v a i l a b l e t o Lapwings i n t h e f i e l d s 
was thus d e t e r m i n e d , and c o u l d be compared t o t h a t a c t u a l l y 
eaten from the work of G o l l i n g e ( 1 9 2 4 - 7 ) . 
RESULTS 
Observed and mean numbers of Lapwings are presented i n 
Table 2; Table 3 covers d e n s i t y and the areas of t h e f i e l d s . 
A l l the raid f i e l d data are quoted i n Table 4, i - v i i . 
Photographs are i n c l u d e d ( F i g s . 5 - 8 ) t o p r o v i d e an i l l u s t r a t i o n 
of the appearance of d i f f e r e n t c a t e g o r i e s o f f i e l d and the 
range of s c a l e v a l u e s o c c u r r i n g . Some d e t a i l s o f a r t i f i c i a l 
f e r t i l i z a t i o n regimes are a l s o g i v e n . (Note 2) 
The most m e a n i n g f u l r e s u l t s o f the computer p r o c e s s i n g are 
summarised i n Table 5. i u i t h each f a c t o r , t h e c o e f f i c i e n t of 
slo p e i n the v a r i a n c e e q u a t i o n , whether p o s i t i v e or n e g a t i v e , 
2 
the K Value ( e q u i v a l e n t t o Student's t ) , and t h e p o s s i b l e 
magnitude of e f f e c t which the f a c t o r c o u l d e x e r t on the 
dependent v a r i a b l e are s t a t e d . The l a t t e r was determined by 
m u l t i p l y i n g t h e c o e f f i c i e n t by the two r e s p e c t i v e maximum and 
minimum data v a l u e s ( f r o m Table 4) i n each case. 
As a r e s u l t of t h e computing, i t was decided t h a t a more 
u s e f u l b a s i s f o r assessing t h p ePfn e t s n f p r o x i m i t y t o human 
I I C I U . L U U U . LU I I U I I L a p ' J ± I I Lj U C I I C l L J f U /UUJ .U lictvc U C S M Lu UJXUUILJ U I I C 
data i n t o f i e l d s l e s s than 30, 31-100 and over 100 metres 
from houses, on a 0-1-2 s c a l e . However, t h e r e was i n s u f f i c i e n t 
t i m e remaining t o p e r m i t t e s t i n g o f t h i s on t h e computer. 
I n s t B a d , a graph was p l o t t e d ( F i g . 9 ) o f Lapwing d e n s i t y a g a i n s t 
d i s t a n c e from t h e n e a r e s t house t o the edge of the f i e l d i n m. 
I t appeared t h a t these might be s i g n i f i c a n t l y p o s i t i v e l y 
2 
c o r r e l a t e d . A 3x2 Chi t e s t o f s i g n i f i c a n c e was a c c o r d i n g l y 
performed, by g r o u p i n g the f i e l d s i n t o t h e d i s t a n c e c a t e g o r i e s 
proposed above, and d e n s i t y c l a s s e s of below and above 20 
2 
b i r d s / IDOac. The Chi value o f 12.014 o b t a i n e d was s i g n i f i c a n t 
a t the 1 % l e v e l , showing t h a t houses can, i n f a c t , e x e r t a 
r e p e l l i n g i n f l u e n c e on Lapwings- c o n t r a r y t o the outcome of 
the computer a n a l y s i s . 
The s o i l fauna r e s u l t s are g i v e n i n Tables 6 and 7. when 
the t o t a l s f o r Lunnc-ricids and f o r Other I n v e r t e b r a t e s were 
placed i n t h e computer a n a l y s i s , t h e r e was a s t r o n g i n d i c a t i o n 
16 
of a p o s i t i v e e f f e c t on Lapwings from earthworm abundance. 
A f u l l e r t r e a t m e n t of t h i s aspect mould again have been wished, 
f o r example i n i n c l u d i n g the t o t a l numbers of animals f o r 
assessment. G r a p h i c a l a n a l y s i s was c a r r i e d out ( F i g s . 10-12.). 
I t appears from t h i s t h a t , a l t h o u g h t h e r e is' a c o n s i d e r a b l e 
amount of s c a t t e r , t h e d e n s i t y of Lapwings i s r e l a t e d p o s i t i v e l y 
t o b oth the abundance of earthworms and, i n p a r t i c u l a r , t o 
t h a t of o t h e r i n v e r t e b r a t e s ( c h i e f l y s o i l and l i t t e r b e e t l e s ) . 
U i t h t o t a l a n i m a l s , the t r e n d i s l e s s c o n c l u s i v e though s t i l l 
p r e d o m i n a n t l y p o s i t i v e . From the graph ( F i g . 13), an i n c r e a s e 
i n the cover of juncus e f f u s u s suggests a r e d u c t i o n i n the 
abundance of t o t a l s o i l fauna. 
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F i e l d No. S i t e D e s c r i p t i o n 
Nests 
No. No. Eggs No. Ages 
Eg.gs Hatched Pred/ Chicks 
Cold 
1 © 1 Long meadow grass ® 4 
3 (s) 1 Short p a s t u r e grass © 4 




0 1 med.. 
0 4 young 
® 1 o l d 
23 Q 1 Grass + dead wisps 2 © 2 D 
@ 1 Patchy grass + e a r t h 4 ® 3 1 coi<f 
© 2 Bare s o i l lsh«« 1 + 
Bare s o i l 1 1 pred 
® 1 Edge of bare e a r t h 1 65 0 1 eo/d 
S> 2 Bare s o i l ® 3 © 2 1 -w 
Bare s o i l 0 ? -
0 1 Grass n r . bare e a r t h 4 4 . 0 
1 young 
Key t o O b s e r v a t i o n Dates Note 1 
03 May 1 1974 @ nay 20 1974 
® Way 2 .. @ Ray 22 .. 
© nay 5 . . @ May 24 .. 
© nay 7 . . © nay 27 .. 
(§) llay 8 .. © nay 29 . . 
(S> I'lay 10 .. © n a y 30 .. 
© Ray 12 .. <S> June 4 
(D nay 13 .. © Dune 5 .. 
© nay 14 .. ® June 6 .. 
© nay 15 .. <£> J u l y 11 .. 
© nay 17 .. 
OBSERVATIONS OF CHICKS 
F i e l d No. 
Chicks 
Ages 
43 ® 1 o l d 
44 © 3 young 
54 ® 1 o l d 
56 © 3 b i d 
57 © 1 o l d 
68 © 1 o l d 
71 © 1 young 
® 1 med. 
74 (0 1 med. 
© 3 o l d 
£s> 1 med. 
78 <© 1 med. 
79 <3> 2 med. 
© 4 3m • 11 o, 
® 1 med. 
80 © 3 young 
® 1 young 
81 © 3 med. 
® 3 med. 
90 © 2 young 
® 1 young 
92 (ZD 2 1y.,1o 
93 © 1 med. 
94 © 2 o l d 
© 3 1m.,2o 
95 © 1 o l d 
® 1 o l d 
101 ($) 1 o l d 
102 CD 1 med. 
106 © 1 med. 
<3> 1 med. 
109 ® 1 young 
Table 2 i 
OBSERVED NUMBERS OF LAPUIMGS 
F i e l d No. Lapwings Mean F i e l d No.. Lapwings Mean 
1 1 , 3 , 3 , 3 , 4 , 4 3 . 0 0 2 8 0 , 0 , 0 , 0 , 0 0 . 0 0 
2 0 , 1 , 0 , 0 , 0 , 2 0 . 5 0 2 9 0 , 0 , 0 , 0 , 0 0 . 0 0 
3 9 , 5 , 6 , 6 , 5 , 4 5 . 8 3 3 0 0 , 0 , 0 , 0 , 0 0 . 0 0 
4 1 , 1 , 1 . 1 , 2 , 0 1 . 0 0 31 0 , 0 , 0 , 0 , 0 0 . 0 0 
5 0 , 1 , 0 , 1 , 1 , 2 0 . 8 3 32 0 , 0 , 0 , 0 , 0 0 . .00 
6 0 , 1 , 0 , 0 , 0 , 1 0 . 3 3 33 0 , 0 , 0 , 0 , 0 0 . 0 0 
7 0 , 1 , 0 , 0 , 1 , 1 0 . 5 0 34 0 , 0 , 0 , 0 , 0 0 . 0 0 
B 2 , 1 , 1 , 0 , 1 , 1 1 . 0 0 3 5 0 , 0 , 0 , 0 , 0 0 . 0 0 
9 1 , 1 , 0 , 1 , 1 , 0 0 . 6 7 36 0 , 0 , 0 , 0 , 0 0 . 0 0 
1 0 3 , 2 , 1 , 3 , 2 , 2 2 . 1 7 37 o , o , o , 0 , 0 0 . 0 0 
11 0 , 0 , 0 , 0 , 1 , 0 0 . 1 7 38 0 , 0 , 0 , 0 , 0 0 . 0 0 
12 0 , 0 , 0 , 0 , 0 , 0 0 . 0 0 39 5 , 3 , 3 , 4 , 4 3 . 8 0 
1 3 0 , 0 , 0 , 0 , 0 , 0 0 . 0 0 4 0 0 , 0 , 1 , 0 , 1 , 1 0 . 5 0 
14 0 , 0 , 0 , . 0 , 1 , 1 0 . 3 3 41 2 , 5 , 0 , 0 , 1 , 
o £. 1 . 6 7 
1 5 2 , 0 , 0 0 , 1 , 2 0 . 8 3 42 4 , 5 , 2 3 , 2 3 . 2 0 
1 6 0 , 0 , 0 0 , 2 , 0 0 . 3 3 4 3 2 , 2 , 2 , 2 , 3 2 . 2 0 
17 0 , u , u u , u , u U . 0 0 44 2 , 2 , 2 U,1 1 . 4 0 
1 8 2 , 0 , 0 0 , 0 , 0 0 . 3 3 4 5 0 , 4 , 1 , 1 , 0 1 . 2 0 
1 9 0 , 0 , 0 , 0 , 0 , 0 0 . 0 0 4 6 0 , 1 , 0 0 , 0 0 . 2 0 
2 0 0 , 2 , 1 , 0 , 0 , 1 0 . 6 7 47 0 , 1 , 0 , 2 , 0 0 . 6 0 
21 1 , 0 , 0 , 2 , 0 , 0 0 . 5 0 4 8 0 , 0 , 0 , 1 , 0 0 . 2 0 
2 2 3 , 2 , 2 , 1 , 3 , 2 2 . 1 7 4 9 0 , 0 , 0 0 , 0 0 . 0 0 
2 3 8,B,B , 1 0 , 9 , 8 8 . 4 3 5 0 0 , 0 , 0 0 , 0 0 . 0 0 
2 4 2 , 1 , 2 , 1 , 2 , 2 1 . 6 7 51 2 , 0 , 0 1 , 0 , 0 0 . 5 0 
2 5 4 , 6 , 3 , 3 , 5 , 4 4 . 1 7 52 0 , 1 , 0 , 0 , 0 , 0 0 . 1 7 
2 6 0 , 0 , 0 , 0 , 0 , 0 0 . 0 0 5 3 0 , 0 , 0 , 0 , 0 0 . 0 0 
2 7 0 , 0 , 0 , 0 , 0 , 0 0 . 0 0 54 3 , 0 , 3 , 5 , 3 , 4 3 . 0 0 
A l l numbers above are repe a t counts taken on a t l e a s t 5 
occasions i n each f i e l d d u r i n g the b r e e d i n g season. 
Table 2 . i i 
OBSERVED NUFIBERS OF LAPWINGS ( c o n t d . ) 
F i e l d No, Lapwings Mean 
5 5 2 , 0 , 0 , 1 , 1 0 . 8 0 
5 6 4 , 4 , 3 , 2 , 2 3 . 0 0 
5 7 4 , 3 , 3 , 5 , 6 , 4 4 . 1 7 
5 8 1 , 2 , 0 , o> 0 , 0 0 . 5 0 
5 9 2 , 3 , 3 , 0 , 4 , 2 2 . 3 3 
6 0 2 , 2 , 1 , 3 , 4 , 2 2 . 3 3 
61 0 , 3 , 1 3 , 1 1 . 6 0 
6 2 0 , 0 , 0 , 1 , 0 0 . 2 0 
6 3 2 , 0 , 0 o , 0 0 . 4 0 
6 4 0 , 0 , 0 0) 1 0 . 2 0 
6 5 0 , 0 , 0 1 , 0 0 . 2 0 
66. 2 , 0 , 1 >11 1 1 . 0 0 
6 7 1 , 2 , 2 iO i 1 1 . 2 0 
6 8 5 , 2 , 2 >4I 2 3 . 0 0 
6 9 5 , 5 , 4 , 7 7 5 . 6 0 
7 0 0 , 0 , 0 . 0 0 0 . 0 0 
71 2 , 3 , 1 » 2 , 1 1 . 8 0 
7 2 0 , 0 , 0 >o ,1 0 . .20 
7 3 . 0 , 0 , 0 , 0 ,1 0 . 2 0 
7 4 6 , 6 , 7 , 6 , 7 6 . 4 0 
7 5 7 , 9 , 3 , 7 >5 7 . 4 0 
7 6 3 , 2 , 3 ,1 ,2 2 . 2 0 
7 7 4 , 1 , 4 , 0 ,1 2 . 0 0 
7 8 6 , 3 , 3 ,1 , 2 3 . 0 0 
7 9 4 , 6 , 5 »6 , 6 5 . 4 0 
8 0 5 , 1 0 , 10 ,7,B 8 . 0 0 
81 6 , 7 , 3 »6 , 7 5 . 8 0 
82 4 , 1 , 0 . 6 , 7 3 . 6 0 
F i e l d No. Lapwings Clean 
83 12,5,3,2,0 4.40 
84 5,2,6,3,3 3.80 
85 3,1,2,2,3 2.20 
86 2,0,3,0,1 1 .20 
87 3,4,3,4,4 3.60 
88 5,7,6,5,5 7.60 
89 2,1,1,0,3 1.40 
90 1,1,1,1,1 1 .00 
91 2,1,3,2,0 1 .60 
92 4,9,9,6,5 6.60 
93 4,3,4,1,1 2.60 
94 7,17,10,12,10 11.20 
95 5,3,4,4,2 3.60 
96 0,0,0,0,0 0.00 
97 2,1,0,0,0 0.60 
98 2,3,1,1,5 2.40 
99 3,0,0,0,1 0..80 
100 2,2,2,0,0 1 .20 
101 4,2,1,1,0 T-..0O 
102 4,3,2,4,4 3.40 
103 4,4,3,3,1 3.00 
104 1,1,1,1,0 0.80 
105 2,2,3,2,2 2.20 
106 3,1,3,4,3 2.80 
107 2,2,4,7,6 4..20 
108 2,3,3,4,4 3.20 
109 2,4,3,2,3 2.80 
Table 3 . i 
FIELD AREAS AMD LAPWING DENSITY 
F i e l d No- o f R e v o l u t i o n s * x 200 = Mean No. D e n s i t y 
of P l a n i m e t e r Wheel Area i n Acres Lapwings per 100ac. 
1 D.025 5.0 3.00 60 
2 0.026 5.2 0.50 10 
3 0.025 5.0 5.-80 117 
4 0.045 9.0 1 .00 11 
5 0.022 4.4 0.83 19 
6 0.020 4.0 0.33 8 
7 0.022 4.4 0.50 11 
8 0.039 7.8 1 .00 13 
9 0.025 5.0 0.67 13 
10 0.014 2.8 2.17 77 
11 0.022 4.4 0.17 4 
12 0.019 3.8 0.00 0 
13 0.006 1 .2 0.00 0 
14 0.030 6.0 0.33 39 
15 0.027 5.6 0.83 15 
16 0.035 7.0 0.33 5 
17 0,020 4.0 0.00 0 
1 8 n n n c i r» 1 • U U • O % J 33 
19 0.005 1.0 0.00 0 
20 0.025 5.0 0.67 13 
21 0.015 3.0 0.50 17 
22 0.020 4.0 2.17 54 
23 0.041 8.2 8.43 103 
24 0.031 6.2 1 .67 27 
25 0.035 7.0 4.17 60 
26 0.028 5.6 0.00 0 
27 0.D12 2.4 0.00 0 
28 0.005 1 .0 0.00 0 
29 0.01 0 2.0 0.00 0 
30 0.002 0.4 0.00 0 
31 0.055 11.1 0.00 0 
32 0.002 0.4 0.00 0 
33 0.012 2.4 0.00 0 
34 0.002 0.4 0.00 0 
35 0.016 3.2 0.00 0 
36 0.002 0.4 0.00 0 
* f r o m 6 " ' I <»•''« 0 . 5 - map 
Table 3 . i i 
F i e l d Mo. of Reus, of x 200 = Plean. No. D e n s i t y 
P l a n i m e t e r Wheel Area i n Acres Lapwings per 100ac. 
37 0.010 2..0 0.00 0 
38 0.0005 0.1 0.00 0 
39 0.D42 8.4 3.80 45 
40 0.028 5.6 0.50 9 
41 0.035 7.0 1 .67 24 
42 0.050 10.0 3.20 32 
43 0.065 13.0 2.20. 17 
44 0.040 8.0 1.40 18 
45 0.038 7.6 1 .20 16 
46 0.039 7.8 0.20 3 
47 0.050 10.0 0.60 6 
48 0.030 6.0 0.20 3 
49 0.070 14.0 0.60 4 
50 0.050 10.0 0.00 0 
51 0.018 3.6 0.50 14 
52 0.021 4.2 0.17 4 
53 0.040 8.0 0.00 • 
54 0.120 24.0 3.00 12 
55 0. 060 1 2. U Li.60 7 
56 0.020 4.0 3.00 75 
57 0.021 4.2 4.17 99 
58 0.017 3.4 0.50 15 
59 0.115 23.0 2.33 10 
60 0.020 4.0 2.33 58 
6,1 0.080 16.0 1 .60 10 
62 0.020 4.0 0.20 5 
63. 0.012 2.4 0.40 17 
64 0.014 2.8 0.20 7 
65 0.011 2.2 0.20 9 
66 0.022 4.4 1 .00 23 
67 0.006 1 .2 1.20 100 
68 0.100 20.0 3.00 15 
69 0.031 6.2 5.60 90 
70 0.020 4.0 0.00 0 
71 0.030 6.0 1 .80 30 
72 0.016 3.2 0.20 6 
73 0.014 2.8 0.20 7 
Table 3 . i i i 
F i e l d No. of Reus, of x 200 = Mean No. D e n s i t y 
P l a n i m e t e r Wheel Area i n Acres Lapwings per 100ac. 
74 0.055 11.0 6.40 58 
75 0.100 20.0 7.40 37 
76 0.014 2.8 2.20 79 
77 0.025 5.0 2.00 40 
78 0.025 5.0 3.00 60 
79 0.050 10.0 5.40 54 
80 0.120 24.0 8.00 33 
81 0.040 a.o 5.80 72 
82 0.060 12.0 3.60 30 
83 0.095 19.0 4.40 23 
84 0.100 20.0 3.80 19 
85 0.070 14.0 2.20 16 
86. 0.035 7.0 1 .20 17 
87 0.060 12.0 3.6.0 30 
88 0.070 14.0 7.60 54 
89 0.030 6.0 1 .40 23 
90 0.010 2.0 1 .00 50 
91 0.012 2.4 1 .60 67 
92 0.045 9.0 6.60 73 
93 U.035 7.0 2.60 37 
94 0.085 17.0 11 .20 66 
95 0.045 9.0 3.60 40 
96 0.060 12.0 1 .20 10 
97 0.015 3.0 0.60 20 
98 0.041 8.2 2.40 29 
99 0.025 5.0 0.80 16 
100 0.070 14.0 1.20 9 
101 0.070 14.0 1 .00 7 
102 0.030 6.0 3.40 57 
103 0.026 5.2 3.00 58 
1 04 0.025 5.0 0.80 16 
105 0.095 19.0 2.20 12 
106. 0.085 17.0 2.80 16 
1 07 0.085 17.0 4.20 25 
108 0.048 9.6 3.20 33 
1 09 0.021 4.2 2.80 67 
2C 
Table 4 . i 
FIELD DATA 
F i e l d No. 
F a c t o r Code 1 2 3 4 5 6 7 8 9 10 11 
1 Type (A) 0.-2 2 2 0 0 2 1 1 0 1 0 1 
2 Type (B) 0/1 1 1 0 0 1 0 0 "0 0 0 0 
3 Area ( A c .x10) 50 52 50 90 44 40 24 78 50 28 44 
4 A l t i t u d e ( f t ) 900 850 900 870 900 900 925 900 950 925 950 
5 Aspect., Sun 0-4 2 2 2 2 2 2 4 3 2 2 2 
6 Aspect, Wind 0-2 0 0 0 2 0 1 2 1 0 0 0 
7 Gra d i e n t 0-5 2 1 2 1 2 2 2 2 2 3 3 
8 I r r e g u l a r i t y 0/1 0 0 0 0 1 1 0 0 0 0 0 
9 Enclosure 0-4 0 1 0 1 1 0 0 1 1 2 0 
10 S o l i d Walls 0-4 3 3 3 3 4 3 3 3 4 3 3 
11 T e r r a i n 1-5 2 1 4 1 1 2 2 2 2 2 2 
12 S u r f . Water. 0-2 0 0 2 2 0 2 0 2 0 0 0 
13 Juncus 0o.tt.er % 3 0 40 5 0 20 0 0 0 10 0 
14 Duncus D i s t r . 0-10 3 0 8 4 0 3 0 0 0 3 0 
15 H a b i t a t i o n (m) 500 100 500 500 100 50 0 100 0 150. 500 
16 Trees I n 0/1 0 0 0 1 0 0 0 1 1 1 1 
17 Trees A d j . 0-2 0 1 0 1 0 1 1 0 0 0 0 
18 Dom. P l a n t s 0-2 i. t. 0 1 2 1 1 1 1 1 1 
1 9 Weeds (A) 0/1 U u 1 0 1 1 0 1 0 1 0 
20 Weeds ( 8 ) 0/1 1 1 1 1 1 1 0 1 1 1 1 
21 Bare Ground % 1 1 10 5 1 5 0 12 1 15 0 
22 Ave. Height (cm) 3 3 2 2 3 3 2 2 2 2 3 
23 Max. Height (cm) 6 5 60 3 6 6 8 3 3 3 4 
24 Colour (A) 0/1 1 1 0 1 1 1 1 1 1 1 
25 Colour (B) 0-2 2 2 0 1 2 1 1 1 1 1 1 
26. Treatment 0-4 3 3 2 2 3 3 2 4 2 3 
27 Grazing 0-2 0 0 1 2 0 1 2 1 2 1 
28 He r b i v o r e s 0-3 0 0 1 3 0 1 1 3 1 3 1 
29 Redshank 0/1 0 0 1 1 0 0 0 0 0 0 
30 Mole H i l l s 0/1 0 1 0 0 0 1 1 1 1 1 1 
31 Mean No. L. (x10) 30 5 58 10 8 3 10 7 22 2 
32 Den s i t y (/100 ac) 60 10 117 11 19 8 11 13 13 77 4 
33 Pref erence 0-3 3 1 3 2 1 1 1 2 1 2 0 
34 Breeding (D) 0/1 1 0 1 1 0 0 0 1 0 1 0 





































Table 4 . i i 
F i e l d 
12 1 3 14 15 16 17 18 1 9 2 0 21 2 2 2 3 24 2 5 2 6 2 7 2 8 
0 0 1 0 1 0 0 0 0 0 1 0 0 2 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
38. 12 6 0 56. 7 0 4 0 1 0 10 5 0 3 0 4 0 82 62 7 0 5 6 2 4 10 
350 9 5 0 9 7 5 9 2 5 9 7 5 9 7 5 9 7 5 1 0 0 0 9751 025.1 000.1 025.1 000-1 0501 05.0 9 7 5 9 7 5 
2 2 2 2 2 2 2 4 2 2 2 2 2 2 2 2 3 
0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 1 
5 5 2 3 2 3 2 2 2 2 1 1 2 1 3 4 3 
1 1 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 
3 4 1 2 0 1 2 2 1 2 1 0 2 1 3 3 4 
4 4 4 4 2 3 3 2 3 4 3 3 1 3 2 2 3 
5 5 1 4 2 2 3 3 2 2 2 2 3 2 3 3 3 
2 2 0 2 0 2 2 0 0 0 0 1 2 0 1 0 0 
2 5 0 0 2 0 0 0 5 0 0 0 0 7 5 0 9 5 3 
2 0 0 4 0 0 2 0 0 0 0 3 2 0 8 4 2 
2 0 5 0 0 2 0 0 2 5 0 0 0 1 0 0 0 5 0 0 5 0 2 0 0 5 0 0 2 0 0 5 0 0 5 0 0 5 0 0 
1 1 1 1 0 1 0 1 0 1 0 1 0 0 1 1 0 
0 0 0 1 0 0 1 0 0 o 1 0 2 1 2 2 2 
0 1 1 1 1 0 0 0 1 1 1 1 0 2 1 n Q 
0 0 0 1 0 1 1 1 0 0 0 0 1 0 0 1 1 
1 1 0 1 0 1 1 1 0 0 0 1 1 1 1 1 1 
2 0 4 0 0 2 0 3 3 2 0 1 5 15 0 1 0 2 0 10. 0 5 1 0 10 
4 4 1 3 2 1 2 2 2 3 3 2 4 4 3 3 2 
14 15 2 4 3 2 4 3 4 5 5 4 6 7 5 6 4 
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 1 1 1 1 1 1 1 1 2 1 1 1 2 1 1 1 
0 0 4 2 4 2 2 2 2 2 3 2 2 3 2 2 2 
1 0 2 1 2 2 2 1 2 2 2 1 1 1 1 2 2 
1 n 3 3 1 i •i i 2 O £. "7 »J 3 3 r» i 3 1 1 
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 1 0 0 0 0 0 0 0 0 • 0 1 0 0 
0 0 3 8 3 0 3 0 7 5 22 84 17 42 0 0 0 
0 0 39 15 5 0 3 3 0 1 3 17 54 1 0 3 2 7 6 0 0 0 0 
0 0 1 1 1 0 1 0 1 1 2 3 2 3 0 0 0 





































Table 4 . i i i 
F.elcj 
29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 
0 0 0 0 0 0 0 0 0 0 2 0 0 2 1 1 2 
0 0 0 0 0 0 0 U 0 0 1 0 0 1 0 0 1 
20 4 111 4 24 4 32 4 20 1 84 56 70 100 130 80 76 
000100010001000105010001050100010501000 925 950 9501050102510501075 
0 2 2 2 2 2 2 4 2 2 3 2 2 3 3 2 4 
0 0 0 0 2 1 2 2 2 2 2 0 0 1 2 1 2 
5 0 4 1 5 1 5 1 4 1 1 4 3 1 1 3 2 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
3 3 3 2 3 2 3 3 2 3 0 1 1 0 0 1 0 
0 2 0 3 • 0 3 1 2 3 2 3 2 3 2 3 3 
5 2 4 4 5 4 4 3 2 4 2 3 3 1 2 2 2 
2 2 0 0 0 2 0 0 0 0 0 1 2 0 1 0 0 
0 0 0 0 0 5 0 0 1 0 2 10 20 0 10 0 0 
0 0 0 0 0 1 0 0 1 0 3 2 3 0 1 0 0 
500 500 500 500 500 500 200 100 30 0 500 500 500 200 200 100 100 
1 1 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 
0 0 0 2 0 1 1 1 0 1 0 0 1 0 n 0 0 
0 1 0 0 0 1 0 1 1 1 2 i n w o t 1 
0 0 0 1 0 1 0 0 0 i 0 1 1 1 0 0 0 0 
1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 
30 5 5 3 35 5 5 1 0 3 0 5 10 5 20 15 0 
6 3 4 5 9 4 3 9 3 3 3 2 2 3 2 2 3 
12 5 7 14 20 10 7 10 4 20 10 3 14 4 4 4 5 
1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 0 1 1 2 1 1 2 1 1 2 1 1 2 
0 1 2 0 0 0 0 2 2 0 4 2 2 4 4 3 3 
0 0 1 2 0 0 2 0 1 2 0 0 0 0 0 1 1 
0 n 2 2 n 0 n 0 1 2 0 0 0 0 0 1 1 
0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 G 0 0 0 0 0 0 0 0 38 5 17 32 22 14 12 
0 0 0 0 0 • 0 0 0 0 45 9 24 32 17 18 16 
0 0 0 0 0 0 0 0 0 0 3 1 2 3 2 2 2 






































46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 
1 0 0 0 0 2 2 2 0 0 0 0 0 0 0 0 
0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 
78 100 60 140 100 36 42 80 240 120 40 42 34 230 40 160 
00115012001220125011501150115012001200125012751300.137.013001300 
4 4 4 2 2 2 2 2 1 2 2 2 2 '.2 2 2 
2 1 2 1 1 2 2 2 1 2 2 2 2 2 2 2 
2 2 3 2 2 4 4 3 3 4 2 2 3 3 3 4 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 1 1 0 1 1 1 1 0 1 0 1 1 0 1 1 
4 4 3 3 4 4 4 4 4 3 3 3 4 0 4 4 
2 2 4 3 4 2 2 2 4 3 3 3 4 5 3 4 
0 0 0 1 0 0 0 0 1 0 0 1 2 1 0 0 
0 0 0 0 0 0 0 0 30 10 7 30 25 w 25 50 
0 0 0 0 0 0 0 0 9 6 4 8 5 5 6 9 
40 0 20 70 150 80 500 0 500 0 300 500 500 0 50 0 
0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 
1 1 1 2 0 0 0 0 0 0 0 0 0 0 0 1 
1 1 0 0 1 2 2 2 0 0 0 0 0 0 0 0 
0 0 0 0 1 0 0 0 0 0 1 1 1 0 0 0 
0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 
8 10 10 15 20 0 0 1 10 5 10 20 15 10 5 5 
3 2 1 1 3 3 3 3 2 2 2 2 4 2 3 6 
4 3 3 3 5 4 4 5 60 3 3 3 20 20 6 30 
1 1 1 1 1 1 1 1 0 1 1 0 0 0 0 0 
1 1 1 1 2 2 2 2 0 1 1 0 0 0 0 0 
3 4 1 1 0 3 3 3 0 2 2 2 2 0 2 1 
2 2 2 2 2 0 0 0 2 2 2 2 0 2 1 2 
3 1 2 3 2 n n 0 3 3 1 1 0 1 2 3 
0 0 0 1 1 0 0 0 1 0 0 0 0 1 0 0 
0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 
2 6 2 0 0 5 2 0 30 8 30 42 5 23 23 16 
3 6 3 0 0 14 4 0 12 7 75 99 15 10 58 10 
0 1 0 0 0 1 0 0 3 1 3 3 1 2 2 2 




































Table 4 . \ / 
F i e l d 
62 6 3 6 4 6 5 66 67 6 8 6 9 7 0 71 72 7 3 7 4 7 5 7 6 77 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 0 2 4 2 8 2 2 4 4 12 2 0 0 62 4 0 6 0 32 2 8 1 1 0 2 0 0 2B 5 0 
5 0 0 1 3 7 5 1 3 0 0 1 3 0 0 1 3 0 0 1 3 0 0 1 3 7 0 1 3 0 0 1 3 0 0 1 2 7 5 1 2 5 0 1 2 2 5 9 5 0 9 5 0 9 5 0 9 5 0 
2 2 1 3 3 3 4 4 3 3 2 3 2 2 2 3 
2 2 1 2 2 2 2 2 2 2 1 1 0 0 1 1 
4 2 4 4 4 3 3 3 3 3 4 3 1 2 1 3 
0 0 1 0 0 0 0 0 0 1 1 1 0 0 0 0 
1 1 1 1 1 1 0 1 1 0 1 2 1 1 1 1 
4 4 4 4 4 4 0 4 4 4 4 4 4 4 4 3 
4 2 4 3 3 3 5 3 3 4 3 4 2 3 1 3 
0 0 1 0 1 1 2 0 0 1 1 1 0 1 0 0 
2 0 1 2 0 0 5 7 2 0 5 0 15 15 18 2 0 30 0 1 5 
6 1 6 0 3 4 4 4 0 4 2 3 4 8 0 5 
2 0 0 2 0 1 0 1 0 3 0 5 0 0 0 5 0 0 5 0 0 1 0 0 0 0 7 0 1 5 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 1 T 1 
1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 1 1 0 0 0 0 1 1 1 0 1 0 
0 0 0 0 1 1 0 1 0 1 0 1 0 1 1 1 
0 1 0 1 1 1 g 0 0 1 1 1 1 1 1 1 
5 0 3 5 3 3 1 0 2 0 0 15 5 1 0 1 0 10 5 1 0 
5 3 3 2 5 3 3 2 4 5 4 4 3 2 2 2 
8 6 5 5 1 0 5 a 4 8 11 1 0 14 5 3 0 4 4 
0 1 0 1 1 1 0 1 1 1 1 1 1 0 1 1 
0 1 0 1 2 2 0 1 1 1 1 2 1 0 1 1 
1 2 1 2 2 2 0 1 2 1 2 2 2 2 2 2 
2 2 2 0 0 0 2 2 0 2 0 0 2 1 1 2 
1 2 1 0 0 1 1 1 0 1 0 0 3 3 1 1 
0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 1 0 1 1 1 0 1 0 0 
2 4 2 2 10 12 3 0 5 6 0 18 2 2 64 74 22 2 0 
5 17 7 9 2 3 1 0 0 1 5 9 0 0 30 6 7 5 8 37 7 9 4 0 
0 0 0 0 2 2 3 3 0 2 0 0 3 3 2 2 




































F i e l d 
78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 
0 0 0 1 0 0 0 2 0 0 0 0 1 2 0 2 
0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 1 
50 100 240 80 120 190 200 140 70 120 140 60 20 24 90 70 
7510501025 975 825 825 850 850 800 900 900 900 835 835 900 835 
0 2 2 2 0 0 3 1 0 1 0 0 1 1 0 1 
0 2 2 2 0 0 2 0 0 0 0 0 0 0 0 a 
3 2 3 1 3 4 1 2 3 4 4 3 2 2 3 2 
1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 
0 0 0 0 1 1 0 0 1 2 1 1 1 1 0 1 
3 3 2 0 3 4 4 4 3 3 4 3 4 4 3 4 
2 3 3 4 2 2 2 2 3 4 3 3 2 2 3 1 
2 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 
10 25 25 0 0 0 10 0 0 15 10 8 0 0 25 0 
3 9 5 0 0 0 3 0 0 3 2 4 0 0 4 0 
0 500 500 500 500 50U 500 0 500 500 500 70 0 100 500 500 
1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 
0 0 0 0 1 2 1 1 1 0 i 0 0 0 0 1 
1 n n 1 1 1 1 2 0 0 0 1 1 2 1 2 
0 1 1 0 1 1 1 0 1 0 1 0 0 0 1 0 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
5 10 10 60 3 5 15 3 20 25 55 7 5 1 5 1 
2 2 2 7 2 2 3 7 2 3 2 4 2 7 3 5 
3 15 15 15 3 3 6 15 5 6 10 8 4 10 6 10 
1 0 0 1 1 1 1 1 1 1 0 1 1 1 1 1 
2 0 0 1 2 2 1 2 1 1 0 2 1 2 1 2 
1 1 1 0 2 2 2 3 2 0 0 2 3 3 2 3 
2 2 2 1 2 2 0 0 1 1 2 1 0 0 0 0 
1 1 3 1 4 1 0 0 £. r-t Z. A 1 2 0 n i_i 0 n u 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
30 54 ao 58 36 44 38 22 12 36 76 14 10 16 66 26 
60 54 33 72 30 23 19 16 17 30 54 23 50 67 73 37 
3 3 3 3 3 3 3 2 2 3 3 2 2 2 3 2 




































Table 4 . v i i 
F.eld 
94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 
0 0 2 2 0 2 0 0 0 0 0 0 0 0 0 0 
0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 
170 90 120 30 82 50 140 140 60 52 50 190 170 170 96 42 
950 950 900 950 950 8751000137514001400142513751375140013751350 
0 0 1 0 0 1 1 4 4 4 4 1 1 0 0 1 
0 0 0 0 1 0 0 2 2 2 2 1 1 1 0 0 
3 2 3 2 3 2 4 3 2 2 2 1 1 3 3 4 
0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 
0 0 1 1 0 1 1 1 0 0 0 0 1 0 1 2 
4 4 3 4 4 4 4 3 4 4 4 3 4 4 4 4 
3 3 2 2 3 2 4 3 2 2 2 2 2 2 3 2 
1 2 0 0 2 1 2 1 0 0 1 0 0 0 0 0 
20 35 0 0 20 5 15 19 0 0 10 7 5 1 3 0 
7 4 0 0 5 3 4 4 0 0 7 9 8 2 3 0 
50 0 20 200 100 500 500 5 100 100 50 500. 5 00 500 500 500 
0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 
n n 2 2 • 2 n 0 1 1 1 0 (1 • 0 1 
1 0 0 0 1 0 0 1 1 1 1 1 i 0 1 1 
1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 
5 10 2 5 5 1 10 10 5 5 5 3 5 5 5 5 
2 3 6 8 3 5 2 5 3 3 4 1 1 1 2 3 
13 12 10 15 6 8 10 12 5 5 9 3 13 3 4 5 
1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 
1 1 2 1 1 2 1 1 1 1 1 1 0 1 1 2 
2 2 3 3 2 4 1 1 2 2 2 2 2 2 2 2 
2 0 0 0 1 0 2 1 2 0 1 2. 2 2 2 2 
3 0 0 0 3 0 1 2 2 0 2 i i. 3 1 1 
1 1 0 1 1 • 1 0 0 0 0 1 0 0 0 0 
0 1 0 1 1 0 0 0 1 1 0 0 0 0 0 0 
112 36 0 6 24 8 12 10 34 30 8 22 28 42 32 28 
66 40 10 20 29 16 9 7 57 58 16 12 16 25 33 67 
3 3 0 1 2 1 2 2 3 3 1 2 2 3 3 2 
1 1 0 0 1 0 0 1 1 1 1 1 1 1 1 1 
L a p c o i n c j dens'ittj • ' 0 3 J l O O a c 
&a.re ground: <30°/a 
C o l o u r ; Qre^n 
(ji~tx.ciie.nb : 1 
f ^ o u ^ ^ i e s s c>f Terrain : 2 . 
7 % 
# o e r o x j e h e i j h f c : 
" T r e e s present. 
3 w a l l s 4 - I c o l r e - f e n c e 
H e « - b i o o r e s S h e e p C s u b s e ^ n e ^ y cou>sJ 
C o f c u - r •, b » T ? c o i a / s h g r e e n 
iSxsunouS c c x J e r - : 3 0 ° / o 
" f r e e s c c f c s e t a t 
R 9. 7 
Field 7 4 . 
Lo tpco^c j density : SS JIOO ac . 
C o i o u f : bm'cjint cjf-eeci . 
H-abrt-a-fifo* adjacent (Om.) 
A^e^xxge h e i g h t ; S o w 
|4evb i v/o r e s '. S^e<?p +• ce>u>5 
field 81 
D e n s i t y ; 7<z/tocac. 
C o l o u r : Q r e - e n 4- b ^ c O n e c w H n . 
N o . s t o n e u o c u t l s = 0 






F i e l d s 1-11 : Compound N,P,K f e r t i l i z e r a p p l i e d once a year 
( e a r l y Way). 14%' N, 8% P, 12% K. 
Pasture : grazed. 
H a y f i e l d s : grazed u n t i l A p r i l , hay mown 3uly 
then e x t r a N added. Grazing recommenced. 
o r : grazed u n t i l June/July then hay grown, 
F i e l d s 12-14: As above. F e r t i l i z e d w i t h Hargreaves Supergrade 
U : 14%v|\|, 14% P 2 0 5 , 14% K 20. 
F i e l d s 15-18: F e r t i l i z e d w i t h Hargreaues Topgrade 4 : 16% N, 
8% P, 12% K. 
F i e l d s 19-25: As above. Pasture l i m e d as necessary. ^ 
F i e l d s 26-30: As above. F e r t i l i z e d w i t h Webbs 20-10-10 : 20% 
N, 10% P, 10% K. 
Supplementary N f e r t i l i z e r s added 
Fisons Witro-Top 33.5% N 
I C I N i t r o - C h a l k 2 1 % N 
55-
Table 5 . i 
RESULTS OF HULTIUARIATE ANALYSIS 
2 2 Value of F ( = t ) f o r s i g n i f i c a n c e a t 5% l e v e l = (1.96) 
a t ^% l e v e l 
= 3.342 
= ( 2 . 5 ) : 
= 6.250 (Degrees of Freedom > 3 0 ) 
Thus any F val u e s g r e a t e r than 3.842 are c o n s i d e r e d SIGNIFICANT. 
A l l f a c t o r s not i n c l u d e d below gave F v a l u e s of l e s s than 3.842. 
A. LAPWING 
Presence or Absence i n F i e l d (dependent v a r i a b l e 34, Breed Choice D) 
Constant = 1.23476 
Fa c t o r 
Enclosure of l a n d 
D i s t r i b n . of Juncus 
Roughness of ground 
% Bare ground 
A r t i f . t r e a t m e n t 

















I I f'lean wo. Lapwings i n F i e l d (dependent v a r i a b l e 31) 
Constant = 25.22182 
F a c t o r C o e f f i c i e n t Sign F va l u e 
Lapwing D e n s i t y 
Area of f i e l d 











I I I D e n s i t y of Lapwings (dependent v a r i a b l e 32) 
Constant = 63.47130 
Fa c t o r C o e f f i c i e n t Sign F value E f f e c t 
% Bare ground 0. 942 + 16. 121 0--47. 095 
% Cover of 3uncus 0. 816 + 11 . 038 0--40. 812 
Area of f i e l d 0. 141 - 10. 382 0. .014 -3.387 
Roughness of ground 8. 402 - 8. 060 8. ,402 -42.008 
Presence of t r e e s 9. 598 - 7. 643 0--9.598 
UJind exposure 6. 750 - 7. 340 0--13. 500 
U n p a l a t a b l e weeds 11 . 131 + 6. 929 0-•11 . 131 
Enclosure of l a n d 8. 083 - 6. 692 0--32. 330 
Slope i r r e g u l a r i t y 13. 692 - 5. 592 0--13. 692 
36 
Table 5 . i i 
IV I n c l u d i n g S o i l Fauna (dependent v a r i a b l e 32, D e n s i t y of Lapwings) 
25 F i e l d s Only : 24 degrees of freedom. 
F v a l u e f o r s i g n i f i c a n c e = 4.260 ( 5 % ) , 7.823 ( 1 % ) . 
Constant = 43.69608 
Fact o r C o e f f i c i e n t Sign F v a l u e E f f e c t 
Slope i r r e g u l a r i t y 54.137 - 24.985 0-54.137 
Area of f i e l d 0.243 - 8.361 0.024-5.820 
T o t a l Lumbricidae 2.106 + 5.826 0-42.114 
U n p a l a t a b l e weeds 23.566 + 5.704 0-23.566 
B. REDSHANK 
V Presence or Absence i n F i e l d (dependent v a r i a b l e 29) 
109 F i e l d s . 
Step 9: Constant = 0.33608 
Fa c t o r C o e f f i c i e n t Sign F v a l u e E f f e c t 
Area of f i e l d • . 003 + 16. 848 0. ,0003-0.063 
Surface water 0. 169 + 15. 226 0-•0. 338 
H a b i t a t i o n 0. 0005 - 8. 683 0-•0. 225 
Gr a d i e n t of s l o p e 0. 088 - 6. 773 0-•0. 442 
Sun exposure 0. 075 - 6. 052 0-•0. 300 
Large h e r b i v o r e s u. 069 - 4. 765 0-• 0. 206 
Roughness of ground 0. 092 + 4. 270 0. .092-0.457 
Ave. h e i g h t of veg. 0. 046 - 4. 053 0-•0. 142 
Step 34: Constant = 0.41823 
Area o f f i e l d 0. 004 + 9. 291 0. .0004-0.097 
Surface water 0. 151 + 6. 094 0-•0. 302 
G r a d i e n t of s l o p e 0. 104 - 5. 766 0--0. 521 
P r e f . by Lapwings 0. 213 - 4. 474 0-•0. 639 
F i e l d t y p e (B) 0. 556 - 4. 220 0-• 0. 556 
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CHI TEST OF SIGNIFICANCE. 
N u l l Hypothesis : There i s no i n c r e a s e i n t h e d e n s i t y 
of Lapwings i n f i e l d s w i t h i n c r e a s i n g d i s t a n c e away 
from human h a b i t a t i o n . 
Observed Values ( T o t a l s : from F i g . , 50 f i e l d s ) 
D e n s i t y of 
Lapwings/1OOac 
Dist a n c e from House m 
0-30 31-100 >100 T o t a l 
Below 20 17 10 10 37 
Above 20 0 3 10 13 
T o t a l 17 13 20 50 
Expected Values 
Below 20 12.58 9.62 14.80 
Above 20 4.42 3.38 5.20 
C h i 2 = (0-E) 
Below 20 1 .552 0.014 1 .556 
Above 20 4.420 0.042 4.430 
C h i 2 = £ (Q-E ) 2 
= 1.552 + 4.420 + 0.014 + 0.042 + 1.556 + 4.430 
= 12.014 
Degrees of Freedom = ( 3 - 1 ) ( 2 - 1 ; 
= 2 
From T a b l e s , X 2 {1%) = 9.210 
Thus a v a l u e of C h i 2 es h i g h as 12.014 i s SIGNIFICANT a t 
the 1% l e v e l ( n o t a t 0.1%). 
Hence the N u l l Hypothesis i s r e j e c t e d : i t i s shown t h a t 
i n c r e a s i n g d i s t a n c e from human h a b i t a t i o n e x e r t s a s i g -
n i f i c a n t p o s i t i v e i n f l u e n c e on the d e n s i t y of Lapwings. 
Table 6 
SOIL FAUNA DATA 
F i e l d White 
Lumbricidae 
Red Green 
Co l e o p t e r a 
Larvae A d u l t s 
Other 
Animals 
1 5 2 5 2 1 1 
2 1 • • 1 0 1 
3 9 1 6 5 0 4 
4 1 2 1 1 0 2 
5 • 0 • a a 1 
10 1 1 1 0 0 0 
12 1 • 0 0 1 0 
15 6 3 2 a a 4 
17 3 2 0 2 1 0 
22 9 4 0 2 1 3 
23 8 2 0 2 3 3 
25 1 1 • a • 0 
26 7 0 0 3 • 1 
54 7 1 1 0 1 0 
57 0 6 0 4 0 0 
59 3 2 1 0 0 0 
64 • 0 1 0 1 • 
65 3 0 0 1 1 0 
67 8 3 5 1 0 3 
68 3 1 2 3 1 1 
69 2 7 0 2 2 3 
71 1 1 2 0 2 0 
74 4 0 2 0 1 2 
76 7 3 4 2 0 0 
81 11 3 6 5 0 2 
Table 7 
F i e l d L u m b r i c i d s Other 
I n v e r t s . 
T o t a l 
I n v e r t s . . 
1 12 4 16 
2 1 2 3 
3 16 9 25 
4 4 3 7 
5 0 1 1 
10 3 0 3 
12 1 1 2 
15 11 4 15 
17 5 3 8 
22 13 6 19 
23 10 8 18 
25 2 0 2 
26 7 4 11 
54 9 1 10 
57 6 4 10 
59 6 0 6 




55 3 2 5 
67 16 4 20 
68 6 5 11 
69 9 7 16 
71 4 2 6 
74 6 3 9 
76. 14 2 16 
81 20 7 27 
T o t a l 185 83 268 
T o t a l numbers of animals e x t r a c t e d from f o u r 4" diameter 
x 3" deep (10.5 x 7.5cm) s o i l cores i n each f i e l d . 
ANALYSIS OF SOIL FAUNA 
Of 268 s o i l i n v e r t e b r a t e s e x t r a c t e d from 100 cores : 
Lumbricidae . . . 69.0^ 
Other Animals . . . 31.0% 
Of t h e 185 L u m b r i c i d s , types were c l a s s i f i e d by p i g m e n t a t i o n : 
White . . . 54.6% 
Red . . . 24.3% 
Green . . . 2 1 . 1 % 
The green earthworms were m a i n l y A l l o l o b o p h o r a c h l o r o t i c a . 
Uf t h e 83 Other Animals, d i s t r i b u t i o n i n t o groups was as f o l l o w s 
Group T o t a l % ( o f 83) 
Coleopteran l a r v a e 36 43.-4 
Coleopteran a d u l t s 16 19.3 
Arachnida 8 9.6 
Hemipteran nymphs 5 6.0 
D i p t e r a n l a r v a e 4 4.8 
U i p t e r a n pupae 4 4.8 
f l o l l u s c a ( s l u g s ) 3 3.6 
Large Spider m i t e s 3 3.6 
Coleopteran pupae 1 1.2 
D i p t e r a n a d u l t s 1 1 .2 
Chilopoda 1 1 .2 
Large L'ollembola 1 1.2 
Over t w o - t h i r d s of the u o l e o p t e r a n l a r v a e (25.) were those of 
Chafer b e e t l e s , 
Uf the Arachnida, a l l were Araneid s p i d e r s except f o r one 
O p i l i o n i d . 
H a l f o f the D i p t e r a n l a r v a e and one of t h e D i p t e r a n pupae 
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CONCLUSIONS AND DISCUSSION 
The r e s u l t s o f the m u l t i v a r i a t e a n a l y s i s showed t h a t t h e 
c h i e f f a c t o r s c o n t r i b u t i n g t o v a r i a t i o n i n the d e n s i t y o f 
Lapwings b r e e d i n g on m a r g i n a l h i l l f a r m l a n d , i n o r d e r o f im-
p o r t a n c e , a r e : i ) the amount of bare ground, i i ) the p e r c e n t -
age cover o f Juncus e f f u s u s , i i i ) t h e area of t h e f i e l d , i v ) 
roughness of t h e ground, v ) presence of t r e e s , v i ) exposure 
t o wind, v i i ) presence o f u n p a l a t a b l e weeds, v i i i ) e n c l o s u r e 
by t h e s u r r o u n d i n g l a n d , and i x ) any i r r e g u l a r i t y of g r a d i e n t . 
A l l were s t a t i s t i c a l l y s i g n i f i c a n t , but bare ground, t h e 
cover of Juncus and presence o f weed spe c i e s have a p o s i t i v e 
or a t t r a c t i n g e f f e c t on Lapwings; w h i l s t t h e o t h e r f e a t u r e s 
e x e r t a n e g a t i v e or r e p e l l i n g e f f e c t , most s t r o n g l y a c c e n t u a t e d 
i n t h e case o f f i e l d area, roughness and t h e presence of 
t r e e s . 
When c h o i c e of f i e l d s f o r b r e e d i n g by Lapwings on a 
presence-or-absence b a s i s i s examined, a s i m i l a r group o f 
f a c t o r s emerges. The d i s t r i b u t i o n o f Juncus and presence o f 
bare ground are t h e s t r o n g e s t p o s i t i v e f a c t o r s , w i t h e n c l o s u r e 
of t h e l a n d , roughness o f t e r r a i n and degree of a r t i f i c i a l 
f e r t i l i z a t i o n having t h e most marked n e g a t i v e i n f l u e n c e on 
b r e e d i n g . When f i e l d s where t h e d e n s i t y o f b i r d s was zero 
were e x c l u d e d , the r e s u l t s were no d i f f e r e n t from those con-
s i d e r i n g a l l f i e l d s . 
For mean numbers of Lapwings p r e s e n t i n the f i e l d s , and 
i n c l u d i n g Lapwing d e n s i t y as a f a c t o r , t h e l a t t e r emerged as 
the most s i g n i f i c a n t and p o s i t i v e i n f l u e n c e - a l t h o u g h t h e 
two are t o some e x t e n t c o r r e l a t e d t o each o t h e r . Area of t h e 
f i e l d was i m p o r t a n t p o s i t i v e l y i n a f f e c t i n g Lapwing numbers. 
There would be a r e l a t i v e l y g r e a t e r r e p e l l i n g I'edge e f f e c t 1 
by t h e s o l i d stone w a l l s ( r e d u c i n g v i s i b i l i t y ) i n a s m a l l e r 
f i e l d . When th e area e f f e c t was n e u t r a l i s e d , however, d e n s i t y 
remained a h i g h i n f l u e n c e i n i t s own r i g h t . A l t i t u d e was a l s o 
shown t o s i g n i f i c a n t l y reduce the mean numbers of Lapwings 
i n t h e f i e l d s : a c o e f f i c i e n t o f 0.023 i m p l i e d t h a t f o r every 
100 f t r i s e i n a l t i t u d e , the mean number of Lapwings p r e s e n t 
i n a f i e l d would decrease on average by 0.23*. 
Where the numbers of Lumb-ricids and o t h e r s o i l i n -
v e r t e b r a t e s mere i n c l u d e d f o r 25 f i e l d s , t h e Lumbricidae 
appeared t o e x e r t a s i g n i f i c a n t p o s i t i v e i n f l u e n c e on Lapwing 
d e n s i t y . The degree of c o r r e l a t i o n between earthworms and 
o t h e r i n v e r t e b r a t e s was h i g h ( c o r r e l a t i o n c o e f f i c i e n t of 
r = 0.689), and i t i s d i f f i c u l t t o determine whether e a r t h -
worms o n l y or t o t a l s u i t a b l e s o i l fauna was i n f l u e n c i n g t h e 
Lapwings' b r e e d i n g d i s t r i b u t i o n . 
Since t h e presence or absence o f R e d s h a n k f i r i n g s t o t a n u s 
b x i t a n n i c a Mathews) was recorded f o r each f i e l d , i t was 
p o s s i b l e t o determine t h e f a c t o r s which were a f f e c t i n g t h e 
d i s t r i b u t i o n of t h i s s p e c i e s . Area of t h e f i e l d , presence 
of s u r f a c e water and roughness o f t h e ground were shown t o be 
the s t r o n g e s t p o s i t i v e i n f l u e n c e s , w h i l e p r o x i m i t y of human 
h a b i t a t i o n , steepness of s l o p e , exposure t o sunshine, t h e 
presence o f l a r g e h e r b i v o r e s and average h e i g h t of t h e veg-
e t a t i o n were a l l s i g n i f i c a n t n e g a t i v e c h a r a c t e r i s t i c s o f t h e 
h a b i t a t . Redshank would thus seem t o be more s u s c e p t i b l e t o 
d i s t u r b a n c e from humans and g r a z i n g animals than are Lapwings, 
s i n c e n e i t h e r of these f a c t o r s emerged as s i g n i f i c a n t i n any 
analyses c a r r i e d out f o r the l a t t e r s p e c i e s . They are a l s o 
s t r o n g l y a t t r a c t e d t o water, t o which Lapwings are a p p a r e n t l y 
i n d i f f e r e n t . I n a d d i t i o n , Redshank p r e f e r t o s e t t l e i n l a r g e 
s i z e d f i e l d s , and Lapwings i n s m a l l e r areas, though not con-
s i s t e n t l y so. Ulhen v a r i o u s o t h e r n o n - s i g n i f i c a n t f a c t o r s were 
i n t r o d u c e d i n t o t h e a n a l y s i s , t h e s i g n i f i c a n c e l e v e l s of a l l 
except f i e l d area, s u r f a c e water and g r a d i e n t decreased 
markedly, and two a d d i t i o n a l f a c t o r s emerged as s i g n i f i c a n t ; 
p r e f e r e n c e f o r a f i e l d by Lapwings, and hay meadow as a t y p e 
of f i e l d , b o t h n e g a t i v e i n f l u e n c e s . T his would suggest t h a t 
the presence of Lapwings may be a s i g n i f i c a n t d e t e r r i n g 
f a c t o r t o t h e Redshank but the r e v e r s e i s not so: the presence 
of Redshanks n e i t h e r a t t r a c t s nor r e p e l s Lapwings as f a r as 
these r e s u l t s show. 
The f e a t u r e s o f t h e h a b i t a t which a t no stage appeared 
s i g n i f i c a n t i n d e t e r m i n i n g t h e d i s t r i b u t i o n or numbers of 
e i t h e r Lapwing or Redshank a r e : t h e dominant p l a n t s p e c i e s ; 
presence o f broad-leaved weeds; maximum h e i g h t of the veg-
e t a t i o n ; c o l o u r of the f i e l d ; i n t e n s i t y of g r a z i n g ; presence 
of mole h i l l s and the number of stone w a l l b o u n d a r i e s . 
Thus a h i g h d e n s i t y of Lapwings i s a t t r a c t e d t o f i e l d s 
p ossessing a l a r g e p r o p o r t i o n of bare e a r t h , dense cover of 
Juncus e f f u s u s , t h e absence of t r e e s i n or around the f i e l d , 
s h e l t e r from t h e p r e v a i l i n g wind, open on a l l s i d e s , w i t h a 
r e g u l a r s l o p e and t a l l weed spe c i e s such as t h i s t l e s and 
n e t t l e s . Small s i z e d f i e l d s and those a l r e a d y p o p u l a t e d by 
Lapwings are a l s o f a v o u r e d . 
Redshank, i n c o n t r a s t , would be most l i k e l y t o be found 
i n f i e l d s which have a l a r g e a rea, wa,ter t a b l e near t h e 
s u r f a c e of t h e ground, a g e n t l e g r a d i e n t , uneven t e r r a i n , 
s h e l t e r from d i r e c t sunshine, a low v e g e t a t i o n , t h e absence 
of Lapwings or l a r g e g r a z i n g animals and f a r from human h a b i -
t a t i o n . 
The p r e c e d i n g f i n d i n g s are summarised c o m p a r a t i v e l y i n 
Table 8 . 
The a t t r a c t i o n of t h e Lapwing t o a l r e a d y - o c c u p i e d f i e l d s 
demonstrated here i s i n agreement w i t h t h e f i n d i n g s of H i l d e n 
(1965.), who w r i t e s : "Uanellus v a n e l l u s i s a t y p i c a l example 
of a s p e c i e s showing c l e a r - c u t s o c i a l i t y even d u r i n g t h e 
b r e e d i n g p e r i o d , a l t h o u g h i n c h a r a c t e r a t e r r i t o r i a l b i r d " . 
The i n d i c a t i o n s are t h a t s o c i a l i t y r e g u l a t e s the h a b i t a t 
s e l e c t i o n o f most s p e c i e s . 
The s t r o n g l y s i g n i f i c a n t p r e f e r e n c e s f o r l a r g e areas of 
bare s o i l , unenclosed s i t u a t i o n s and t r e e l e s s l a n d f o l l o w t h e 
b r e e d i n g h a b i t a t d e s c r i p t i o n f o r t h e Lapwing g i v e n by Uiitherby 
a t . a l . ( 1 9 4 0 ) , which s t a t e s t h a t t h i s s pecies f a v o u r s "open 
spaces, wherever t h e s o i l i s e a s i l y a c c e s s i b l e , e i t h e r naked 
or under some f a i r l y l i g h t v e g e t a t i o n cover. I t a v o i d s b u i l t -
up, wooded and enclosed areas, and steep escarpments." From 
t h e Lapwing H a b i t a t I n q u i r y o f 1937, N i c h o l s o n (1938) again 
emphasises a p r e f e r e n c e f o r bare ground: "The Lapwing i s a 
b i r d of the s o i l , i t s h a b i t a t s c o i n c i d i n g w i t h areas where 
the s o i l i s a c c e s s i b l e i n l a r g e t r a c t s , e i t h e r bare or under 
f a i r l y l i g h t v e g e t a t i o n cover." High h i l l p a s t u r e s and rough 
g r a z i n g are d e s c r i b e d as " i d e a l b r e e d i n g ground". 
N i c h o l s o n notes t h a t steep s l o p e s , h i g h a l t i t u d e s , exposed 
areas and t r e e s are g e n e r a l l y avoided; rushy f i e l d s (Juncus 
e f f u s u s ) are f r e q u e n t e d t h r o u g h o u t t h e year, w i t h a more 
marked p r e f e r e n c e a t the b r e e d i n g season. This f i n d i n g i s i n 
accordance w i t h the p r e s e n t r e s u l t s , which have demonstrated 
a s i g n i f i c a n t p o s i t i v e e f f e c t on b o t h Lapwing d e n s i t y and 
c h o i c e f o r b r e e d i n g from t h e presence of Juncus• 
L i s t e r ( 1 9 3 9 ) , i n a study of t h e Lapwing p o p u l a t i o n on a 
Surrey farm, suggested t h a t the g r e a t e r p o p u l a r i t y o f some 
f i e l d s over o t h e r s was r e l a t e d t o t h e i r r e g u l a r i t y of t h e 
g r a d i e n t : a g e n t l e h o l l o w and r i d g e i n d i a g o n a l c r o s s - s e c t i o n 
as opposed t o a s t r a i g h t s l o p e . I n t h e p r e s e n t work i r r e g u -
l a r i t y of g r a d i e n t was found t o be a s i g n i f i c a n t n e g a t i v e 
f a c t o r . 
N i c h o l s o n (1938) found no q u a n t i t a t i v e evidence of 
a t t r a c t i o n or r e p u l s i o n by sheep, c a t t l e and horses i n p a s t u r e , 
and a n e u t r a l r e l a t i o n s h i p was assumed. This i s s u p p o r t e d by 
the p r e s e n t f i n d i n g s . Lapwings were o f t e n observed t o be 
a s s o c i a t e d w i t h o t h e r b i r d s such as the S k y l a r k (Alauda 
a r v e n s i s ) , y e l l o w W a g t a i l ( M o t a c i l l a f l a v a ) , Meadow-Pipit 
(An.thus p r a t e n s i s ) , Curlew (Numenius arquata ) , Redshank 
( T r i n g a t o t a n u s ) , Snipe ( G a l l i n a g o g a l l i n a g o ) , P a r t r i d g e 
( P e r d i x p e r d i x ) and Pheasant (Phasianus c o l c h i c u s ) i n b o t h 
the p r e s e n t and Nicholson's s t u d i e s , though these are p r o b a b i y 
c o i n c i d e n t a l occurrences r a t h e r than b i o l o g i c a l a s s o c i a t i o n s . 
Klomp (1953) concluded t h a t o t h e r b i r d s p e c i e s do not a f f e c t 
h a b i t a t s e l e c t i o n i n t h e Lapwing. 
The p r e s e n t r e s u l t s show no marked p r e f e r e n c e by Lapwings 
f o r p r o x i m i t y t o open water, whereas Uenables (1937) found t h e 
species i n v a r i a b l y b r e e d i n g c l o s e t o a marsh or water on 
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Surrey greensand heaths. However i n t h e l a t t e r r e g i o n both 
t h e c l i m a t e and s o i l t y p e would be of a n a t u r a l l y d r i e r n a t u r e 
than i n t h i s N o r t h - E a s t e r n upland area; p r o b a b l y s u f f i c i e n t 
m o i s t u r e was a v a i l a b l e i n a l l f i e l d s covered by the p r e s e n t 
s u r v e y , f o r example, t o s u p p o r t a h i g h d e n s i t y s o i l fauna. 
L i t t l e c o n c l u s i v e evidence of a r e l a t i o n s h i p between 
Lapwing d e n s i t i e s and a v a i l a b l e s o i l fauna was uncovered by 
the computing, a l t h o u g h graph p l o t s i n d i c a t e d a p o s i t i v e 
c o r r e l a t i o n . T h e o r e t i c a l l y , food i s of p r o f o u n d s i g n i f i c a n c e 
t o b i r d s , s i n c e o n l y an environment w i t h a s u f f i c i e n t supply 
of s u i t a b l e f o o d can form a b r e e d i n g t e r r a i n . However, most 
species are not h i g h l y s p e c i a l i s e d i n t h e i r d i e t (Hilden,1965 ) . 
An examination of food r e c o r d s tends t o show t h a t w i t h i n 
broad l i m i t s , a b i r d w i l l eat whatever food i t can o b t a i n 
w i t h the l e a s t d i f f i c u l t y i n i t s own p a r t i c u l a r h a b i t a t , which 
has been s e l e c t e d on o t h e r grounds. Lack (1933) found no 
evidence f o r supposing t h a t food l i m i t e d t h e d i s t r i b u t i o n of 
any p a r t i c u l a r b i r d s p e c i e s on B r e c k l a n d . Food does not seem 
t o have any p r o x i m a t e e f f e c t on h a b i t a t s e l e c t i o n : Klomp (1953) 
c o u l d f i n d no c o r r e l a t i o n between the d i s t r i b u t i o n of t h e 
Lapwing and abundance of food i n North-West H o l l a n d , and caged 
Lapwings accepted a l l i n v e r t e b r a t e animals c o l l e c t e d i n non-
b r e e d i n g areas. 
The Lapwing g a t h e r s food from the s u r f a c e of t h e s o i l -
g e n e r a l l y earthworms and i n s e c t s , o c c a s i o n a l l y m o l l u s c s and 
s p i d e r s . C o l l i n g e ( 1 9 2 4 - 7 ) , i n a d e t a i l e d i n v e s t i g a t i o n o f 
t h e food taken by w i l d b i r d s , examined the crop and stomach 
c o n t e n t s of 69 Lapwings. He e s t a b l i s h e d t h a t 64% of food 
taken was i n s e c t s - c h i e f l y wireworms, b e e t l e l a r v a e and a d u l t s , 
l e a t h e r j a c k e t s , T i p u l i d l a r v a e and a d u l t s , grasshoppers and 
L e p i d o p t e r a n l a r v a e . 10$ of t h e d i e t was earthworms of genera 
Lumbricus and A l l o l o b o p h o r a ; 10% was s l u g s and s n a i l s , 5% 
m i s c e l l a n e o u s animal m a t t e r i n c l u d i n g a r a c h n i d s , myriapods and 
isopods; 6% was weed seeds of species such as Ranunculus, 
Spergula and Polygonum; and 5% m i s c e l l a n e o u s v e g e t a b l e m a t t e r 
c o m p r i s i n g g r a s s , l e a v e s , moss and fragments of a l g a e . The 
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p r e s e n t work c o n f i r m s the v a r i e t y of food p r o b a b l y t a k e n -
i n c l u d i n g s p i d e r s , harvestmen, c e n t i p e d e s and Hemipteran 
nymphs i n a d d i t i o n t o most of the above. 
The c l e a r p r e f e r e n c e d i s p l a y e d by Lapwings i n t h i s study 
f o r f i e l d s where a r e l a t i v e l y l a r g e p r o p o r t i o n of t h e ground 
i s exposed as bare s o i l c o u l d be l i n k e d t o f e e d i n g : i n such 
places the s o i l and l i t t e r fauna would be more v i s i b l e and 
e a s i l y a c c e s s i b l e t o t h e b i r d s than i n f i e l d s s u p p o r t i n g a 
dense v e g e t a t i o n a l cover. This p r o p o s a l i s p r o b a b l y connected 
w i t h the Lapwing's e s t a b l i s h e d a t t r a c t i o n t o ploughed f i e l d s 
i n a r a b l e d i s t r i c t s , as e x p l a i n e d by Spencer ( 1 9 5 3 ) : Lapwings 
"are drawn t o p l o u g h l a n d because food i s e a s i l y o b t a i n a b l e o f f 
i t and because t h e f r i a b l e s u r f a c e i s very e a s i l y ' scrapeable' 
i n t o . n e s t i n g - h o l l o w s " . There might a l s o be b e t t e r camouflage 
f o r the eggs and c h i c k s on brown e a r t h or a patchy s u r f a c e 
than on c o n t i n u o u s green g r a s s , a l t h o u g h t h e s i g n i f i c a n c e of 
camouflage i n t h e h a b i t a t s e l e c t i o n process i s s t i l l i n doubt 
(Klomp.1953). 
I t i s f e a s i b l e t h a t f i e l d s c o n t a i n i n g .=. h i g h d e n s i t y of 
Juncus e f f u s u s might f u r n i s h cover from enemies and s h e l t e r 
from adverse e n v i r o n m e n t a l c o n d i t i o n s f o r young c h i c k s . 
No s i g n i f i c a n t c o r r e l a t i o n ( r = 0.128) was found between the 
percentage cover of Juncus and d e n s i t y of s o i l a n i m a l s , H i l d e n 
(1965) s t r e s s e s t h a t s h e l t e r i s e s p e c i a l l y i m p o r t a n t f o r eggs 
and young and f o r t h e i n c u b a t i n g b i r d , which are most exposed 
t o danger from a p r e d a t o r , heavy r a i n f a l l or b l a z i n g sun. 
Clumps of Juncus may a l s o h e l p t o break t h e f o r c e of h i g h wind, 
exposure t o which i s shown i n t h e p r e s e n t work t o be a s i g -
n i f i c a n t n e g a t i v e c h a r a c t e r i s t i s of t h e h a b i t a t . I n a s i m i l a r 
way the presence of t a l l weeds such as t h i s t l e and n e t t l e i n 
c l o s e - c r o p p e d p a s t u r e c o u l d again p r o v i d e cover and s h e l t e r , 
which would account f o r t h e i r p o s i t i v e i n f l u e n c e i n h a b i t a t 
s e l e c t i o n here. Kendeigh (1934) concludes t h a t a h i g h wind 
may be i m p o r t a n t i n a g g r a v a t i n g the e f f e c t of low a i r temp-
e r a t u r e upon the metabolism of t h e b i r d . 
The presence o f t r e e s appears t o e x e r t a s t r o n g neg-
a t i v e i n f l u e n c e on Lapwing d e n s i t y , and t h i s i s i n ac c o r d -
ance w i t h t h e f i n d i n g s o f a l l p r e v i o u s workers. Klomp (1953) 
has a t t e m p t e d t o d e f i n e t h e u l t i m a t e cause o f t h i s response 
i n terms of t h e g r e a t e r o f f e n s i v e power of enemies, such as 
c a r r i o n crows, i n wooded areas. I n t h e open f i e l d , most a t -
tac k s can be beaten o f f i n t h e a i r , are of much s h o r t e r 
d u r a t i o n than i n a wooded h a b i t a t ; t h e crows are more con-
s p i c u o u s , r e q u i r e a l o n g e r f l y i n g t i m e per a t t a c k , and l e s s 
o f t e n a l i g h t on t h e ground. They can, however, a l i g h t v e ry 
e a s i l y on the ground by a nest i f p o s i t i o n e d i n a nearby t r e e . 
The power of the Lapwing t o r e b u f f i n v a d i n g enemies i s a l s o 
g r e a t e s t i n t h e a i r . 
Enclosure of a f i e l d by h i g h e r s u r r o u n d i n g l a n d and an 
i r r e g u l a r g r a d i e n t i n the form of a h o l l o w or hummock c o u l d 
both perhaps be understood as n e g a t i v e c h a r a c t e r i s t i c s i n 
terms of a r e s u l t i n g r e d u c t i o n i n t h e v i s i b i l i t y of b r e e d i n g 
Lapwimgs, such t h a t approaching enemies c o u l d no l o n g e r be 
s i g h t e d f a r i n advance- thus i n c r e a s i n g p o t e n t i a l danger t o 
the i n c u b a t i n g b i r d , eggs and c h i c k s . 
The c h i e f enemies of Lapwings appear t o be C a r r i o n Crows 
(Corvus c o r o n e ) , Rooks (Corvus f r u g i l e g u s ) , Jackdaws (Corvus 
monedula), Magpies ( p i c a p i c a ) , K e s t r e l s ( F a l c o t i n n u n c u l u s ) , 
Sparrow Hawks ( A c c i p i t e r n i s u s ) , Weasels ( H u s t e l a ) and Rats 
( R a t t u s ) ( E n n i o n , 1949). P e r e g r i n e Falcons ( F a l c o p e r e q r i n u s ) 
and Sparrow Hawks take t h e g r e a t e s t t o l l of a d u l t Lapwings 
(Spencer, 1953). I t was noted by N i c h o l s o n (1938) t h a t G u l l s -
Black-Headed (Larus r i d i b u n d u s ) and Common (Larus canus)-
f r e q u e n t l y a s s o c i a t e d w i t h Lapwings, have developed c l e p t o -
parasit-ism : f o r c i n g Lapwings t o drop t h e i r food and t a k i n g 
i t from them. Egg-sucking by C a r r i o n Crows and Jackdaws was 
observed, and i t was though t t h a t Rooks might l i m i t d i s t r i -
b u t i o n by p u t t i n g o t h e r w i s e s u i t a b l e areas out of bounds. No 
re c o r d s of p r e d a t o r d e n s i t y have been taken i n t h e p r e s e n t 
i n v e s t i g a t i o n , but H i l d e n (196.5) g e n e r a l i s e s t h a t : " s p e c i e s 
do not o f t e n nest where t h e i r p r e d a t o r species are abundant". 
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The n e g a t i v e i n f l u e n c e s p r o v i d e d by f i e l d area and rough-
ness of t h e t e r r a i n i n t h i s study are d i f f i c u l t t o i n t e r p r e t , 
and do not agree w i t h t h e f i n d i n g s of o t h e r w o r k e r s , w i t h e r b y 
e t . a l . (1940) r e c o r d t h a t the Lapwing p r e f e r s " l a r g e or 
medium-sized open spaces". This would s u p p o r t t h e i d e a of an 
i n c r e a s e d u n a t t r a c t i v e 'edge e f f e c t " e x e r t e d i n s m a l l e r s i z e d 
f i e l d s . Klomp (1953) concluded t h a t the s p e c i e s was a t t r a c t e d 
t o an uneven ground s u r f a c e , when i n c o m b i n a t i o n w i t h a grey 
or brown c o l o u r of v e g e t a t i o n . I n the f i e l d s c o n s i d e r e d here, 
however, not only i s roughness a p p a r e n t l y u n a t t r a c t i v e , but 
the c o l o u r of f i e l d remains u n i m p o r t a n t - p o s s i b l y due t o i t s 
r e l a t i v e u n i f o r m i t y . I n H o l l a n d a brown c o l o u r was c o r r e l a t e d 
w i t h a low u l t i m a t e h e i g h t of v e g e t a t i o n . I n Ueardale, however, 
n e s t i n g took place i n hay meadows where the grass would grow 
h i g h , w i t h no i n d i c a t i o n of reduced p r e f e r e n c e . 
Although not c o n f i r m e d here t o any s i g n i f i c a n t degree, 
Nic h o l d o n (1938) proposed t h a t l a r g e h e r b i v o r e s would e x e r t 
i m p o r t a n t i n d i r e c t e f f e c t s on Lapwing d i s t r i b u t i o n t h r o u g h 
g r a z i n g , d i s t u r b a n c e of n e s t i n g , and dung d e p o s i t i o n which 
would p r o v i d e i n s e c t f o o d . Spencer (1953) a d d i t i o n a l l y 
s u g g e s t e t t h a t patches of dung c o u l d c o n s t i t u t e f a v o u r a b l e 
n e s t i n g s i t e s . 
The scope of t h e p r e s e n t study has been n e c e s s a r i l y 
l i m i t e d by t h e amount of tim e a v a i l a b l e , being f i v e months 
i n a l l . A l a r g e p r o p o r t i o n of t i m e was used i n a t t e m p t i n g 
t o accumulate s u f f i c i e n t data on n e s t i n g : s e a r c h i n g f o r nests 
was time-consuming, and more i n f o r m a t i o n on f i e l d s and s o i l 
fauna c o u l d have been c o l l e c t e d had t h i s been a v o i d e d . Given 
a l o n g e r p e r i o d of s t u d y , a comprehensive survey of n e s t i n g 
i n c l u d i n g h a t c h i n g success c o u l d have been c a r r i e d out from 
the b e g i n n i n g of t h e b r e e d i n g season, t o o b t a i n a c t u a l nest 
d e n s i t i e s and s u r v i v a l r a t e s i n t h e d i f f e r e n t b r e e d i n g s i t e s 
s e l e c t e d by Lapwings. 
One p o s s i b l e major source of e r r o r i n t h i s work may be 
u n r e l i a b i l i t y of t h e r e s u l t s f o r s o i l i n v e r t e b r a t e s . These 
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animals i n v a r i a b l y have an aggregated d i s t r i b u t i o n , and a t 
l e a s t twenty s o i l cores should have been taken i n each f i e l d 
under c o n s i d e r a t i o n t o m i n i m i s e sampling v a r i a t i o n . Never-
t h e l e s s , t h e f a c t t h a t s i g n i f i c a n t r e s u l t s were o b t a i n e d 
suggests t h i s apprehension may be u n j u s t i f i e d . A d d i t i o n a l 
methods c o u l d have been employed t o o b t a i n a more r e p -
r e s e n t a t i v e r e s u l t f o r a l l types of animal : p i t f a l l t r a p s 
would enable c o l l e c t i o n of a wider range of l i t t B r - d w e l l i n g 
animals and t h e a p p l i c a t i o n o f formaldehyde s o l u t i o n would 
i n v o l v e sampling of t h e earthworm p o p u l a t i o n i n g r e a t e r 
d e t a i l , klomp (1953) e x t r a c t e d 17-25 d r i l l samples, 1 sq. 
dm x 5 cm deep, i n each sample area. S u r v e y i n g the s o i l 
fauna, however, i s of l i m i t e d v a l u e s i n c e i t g i v e s an i n -
d i c a t i o n of t h e food a v a i l a b l e t o Lapwings o n l y , not of 
t h a t a c t u a l l y eaten. This c o u l d o n l y be a t t a i n e d t h r o u g h an 
a n a l y s i s of c r o p and stomach c o n t e n t s , as performed by 
C o l l i n g e ( 1924-7). 
Thus the p r e s e n t study has re-examined the proximate 
f a c t o r s i n v o l v e d i n t h e h a b i t a t s e l e c t i o n of t h e Lapwing, 
f i r s t f o r m u l a t e d by Klomp ( 1 9 5 3 ) , and making use of a 
computer a n a l y s i s t e c h n i q u e t o enable l a r g e numbers of 
f i e l d s and e n v i r o n m e n t a l f a c t o r s t o be examined q u a n t i t a t i v e l y . 
The amount o f bare ground, percentage cover of Juncus e f f u s u s , 
the presence of weed species and o t h e r i n d i v i d u a l s emerge 
as th e most s i g n i f i c a n t p o s i t i v e f e a t u r e s , w h i l e roughness 
of t e r r a i n , t h e presence o f t r e e s , exposure t o wind and 
e n c l o s u r e by t h e s u r r o u n d i n g l a n d c o n s t i t u t e t h e s t r o n g e s t 
n e g a t i v e i n f l u e n c e s . These f i n d i n g s are g e n e r a l l y i n 
accordance w i t h those of. p r e v i o u s i n v e s t i g a t o r s whose work 
has been based m a i n l y on q u a l i t a t i v e o b s e r v a t i o n s . 
The mechanism behind the h a b i t a t s e l e c t i o n r e a c t i o n 
was o r i g i n a l l y put f o r w a r d by Tinbergen (194B), and has 
been d e s c r i b e d by Svardson (1949) as f o l l o w s : 
"The s e l e c t i o n of h a b i t a t s i s a r e a c t i o n where p u r e l y 
o p t i c a l e x t e r n a l s t i m u l i are i n v o l v e d . A number of 
d i f f e r e n t e x t e r n a l s t i m u l i are added t o ' i n t e r n a l 
m o t i v a t i o n ' , which p r o b a b l y i s o f t e n of hormonal 
o r i g i n - p o s s i b l y a hormone from t h e n e u r a l p a r t of 
the hypophysis. When summation of s t i m u l i has 
reached a c e r t a i n t h r e s h o l d , t h e r e a c t i o n i s r e -
l e a s e d . " 
The t o p i c of h a b i t a t s e l e c t i o n i n b i r d s would b e n e f i t 
c o n s i d e r a b l y from f u r t h e r s t u d y , p o s s i b l y employing t e c h -
niques s i m i l a r t o those used i n thB p r e s e n t i n v e s t i g a t i o n 
and i n c r e a s i n g the sample s i z e , s t a n d a r d i s i n g measurements 
f u r t h e r and o b t a i n i n g more a c c u r a t e i n f o r m a t i o n on t h e 
s o i l a n i m a l s . 
I t has not been a s c e r t a i n e d how f a r the c o n c l u s i o n s 
reached t h r o u g h the p r e s e n t work might be a p p l i c a b l e t o 
areas o u t s i d e the m a r g i n a l h i l l f a r m l a n d of County Durham, 
and comparable surveys f o r o t h e r h a b i t a t types such as 
moorland, a r a b l e l a n d or sand dunes c o u l d be of immense 
va l u e i n t h e f u t u r e . The process might be extended t o caver 
o t h e r species of b i r d s , and e v e n t u a l l y m o d i f i e d f o r 
a p p l i c a t i o n t o v a r i o u s types o f w i l d a n i m a l . 
Table 8 
Summary: Comparison of F a c t o r s A f f e c t i n g the H a b i t a t 
S e l e c t i o n and Deneity of Lapwing, Redshank and N e i t h e r 
Species on M a r g i n a l H i l l F a r m l a n d . ( i n o r d e r o f s i g n i f i c a n c e ) 
REDSHANK LAPWING NEITHER SP. 
Presence/Absence Presence/Absence D e n s i t y + nor -
Area of f i e l d + Land e n c l o s u r e - % Bare ground + P l a n t spp pr e s e n t 
Surface water + Duncus d i s t r i b - f Duncus c o v e r t + Weeds-no h e r b i c i d e 
H a b i t a t i o n Roughness Area of f i e l d - Max h t . of veg. 
Gr a d i e n t % Bare ground + Roughness Colour of f i e l d 
Sun exposure Treatment Tress p r e s e n t - Grazing p r e s s u r e 
H e r b i v o r e s Wind exposure - No. of stone w a l l s 
Lapwings Unpal. weeds + Mole h i l l s 
Roughness + Land e n c l o s u r e -
Hay.fields I r r e g . s l o p e 
Average h e i g h t -
None of t h e f a c t o r s examined f o r h a b i t a t s e l e c t i o n were common 
field 
t o t h e Lapwing and the Redshank; area of the^and roughness o f 
the ground i n f l u e n c e b o t h s p e c i e s but i n o p p o s i t e d i r e c t i o n s . 
Comparison o f t h e two columns f o r t h e Lapwing i n d i c a t e s t h a t 
the f a c t o r s a f f e c t i n g whether b i r d s s e l e c t a f i e l d or n o t are 
not t h e same as those d e t e r m i n i n g t h e d e n s i t y of b i r d s which 
a chosen f i e l d w i l l s u p p o r t . 
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